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The EU Commission has asked its Scientific Committee on Animal Health and Animal
Welfare to prepare a report on the welfare of fattening cattle1. As another report has already
dealt with the bovine of less than 6 months, including veal calves, these animals are not within
the scope of this report. The report does not include cull cows from dairy farms or farms with
suckler herds. The report deals with male and female cattle fattened for meat production, older
than 6 months if they come from the dairy herd and after weaning for those reared in suckler
herds. The Committee is currently preparing a report on the transport of animals and
consequently this aspect is not addressed in this report. Since the use of steroid growth
promoters is not permitted in the European Union, the implications of the use on animal
welfare are not considered.
 ,1752'8&7,21
There is no general EU legislation in force concerning the welfare of fattening cattle. However,
the Council of Europe Standing Committee of the Convention on the Protection of Animals
Kept for Farming Purposes adopted a recommendation on 21 October 1988 concerning cattle,
including beef cattle. In addition, a specific regulation (regulation 1804/1999) dealing with
organic farming sets out certain welfare requirements for beef cattle in the EU.
The first part of this report introduces definitions of animal welfare. They are used to determine
the risks under consideration. Then the different methods of assessment are given. The state of
the industry and the different housing systems are described in chapters 3 and 4. This
information is essential to identify the sources of risks of poor welfare. The behaviour and
physiology of cattle with few constraints on them are described in Chapter 5. This information
is used for the hazard and risk characterisations which are developed in Chapters 6 and 7.
Conclusions are summarised in Chapter 9 and recommendations are presented in Chapter 10.
                                                
1
 Cattle managed so to reach carcass characteristics optimum for the market
6The report does not contain any socio-economic analysis of the effects of the recommendations
made.
 'HILQLWLRQVRIZHOIDUH
The status of animals has been the object of philosophical concern for a very long time (see
review by Ouedraogo and Le Neindre, 1999).  Animals are now defined as “sentient creatures”
in European law and no longer just as agricultural products (Treaty of Amsterdam, 1997). That
change reflects ethical public concern about the quality of life of the animals. Farm animals are
reared with human imposed constraints and for a very long time the choice of techniques has
been based primarily on the efficiency of production. However it is increasingly claimed that
we should protect those animals against mistreatment, or better still, to allow them the
maximum of good welfare.
Different ways to define the welfare of animals have been used by various authors. The reports
of the scientific veterinary committee on the welfare of calves (1995) and on the welfare of
laying hens (1996) give a general view of the literature on that subject. These definitions of
welfare, which overlap in meaning, are grouped according to their content into four categories.
1) Descriptive types of definitions (Brambell report, 1965; American Veterinary Medical
Association, 1987). Welfare is a broad term that embraces both the physical and mental
well-being of the animal. Any attempt to evaluate welfare, therefore, must take into account
the scientific evidence available concerning the feelings of animals that can be derived
from their structure and function and also from their behaviour (Brambell report, 1965).
2)  Definitions referring to an animal being in harmony with its environment (Lorz, 1973;
Hughes, 1976). Animal welfare is “A state of complete mental and physical health, where
the animal is in harmony with its environment” (Hughes, 1976). The animal has not only
physical but also behavioural requirements. The welfare of the animal is basically the way
the animal feels about, and is affected by, its environment and not the environment per se.
It can result in positive mental states (pleasure) or negative mental states (fear, pain, etc).
That definition is very close to the one of human health: "a state of complete physical,
mental and social well being, and not merely the absence of disease or infirmity" (WHO,
1992).
73) Definitions referring to adaptation to or control of the environment by the animal
(Wiepkema, 1982; Broom, 1986). Broom (1986) defined the welfare of an animal as “its
state as regards its attempts to cope with its environment”. The author proposes that welfare
includes both feelings, which are part of coping systems, and health and that there is a
continuum in welfare between very good in ideal conditions to very poor in a detrimental
environment (Broom, 1996, 1998). The welfare is measurable using a wide range of
indicators and is estimated by measuring the efforts the animal is prepared to make to reach
the ideal state. When the adaptation capacities of the animal are overwhelmed the welfare
of the animal is poor.
4) Definitions concerned with the subjective experience of the animal (Duncan and Petherick,
1989; Dawkins, 1990). The animal’s perception of its environment cannot solely be
inferred from our own human perception but needs to be evaluated from the animal’s
perspective. The definition of welfare that refers only to feelings is narrower than that
proposed by Broom. In this report a wide range of coping systems are considered and all
aspects of health are taken into account when discussing welfare. The welfare can be
measured in particular by studying the physiological disorders provoked by the situation
but also by the motivation of an animal to obtain some features of the environment (food,
companion, bedding, etc) or to perform some specific behaviours (feeding, social
interaction, etc) (Veissier et al., 2000).
 7KHDVVHVVPHQWRIZHOIDUH
Welfare analysis is multidimensional including health, physiology and behaviour and involves
the assessment and weighing of many welfare indicators. These aspects have been extensively
described in books (Broom and Johnson, 1993) and previous reports on welfare of this
Committee. According to Broom (1996) the following are indicators of poor welfare in
animals: decrease in life span, growth and possibilities to breed, body damage and illness,
impaired immune system function, physiological attempts to cope with environmental effects,
behavioural pathology, increase in behavioural aversion, increase of suppression of normal
behaviour, and suppression of normal physiological functioning and anatomical development.
A short review of those different methods will be presented below.
Cattle have specific patterns of behaviour and physiological mechanisms that should be
possible if their welfare is to be good. The concerns are not only the physiological states but
also the ways to reach them, in particular through specific behaviours. Welfare assessment
8needs to take into account not only the nutritional status but also the housing and management
practices. It also needs to take into account the genetic variability of the animals and the effects
of selection on their ability to cope with the environment.
 3URGXFWLRQDQG+HDOWK
Good+HDOWK is necessary for good welfare. Since there is general awareness of the effects of
infectious diseases, attention in this report is drawn particularly to pathologies relating to the
environment.
3URGXFWLRQPHDVXUHV are of some use for analysing the welfare of cattle. Any decrease  can be
an indicate of poor welfare but maximum productivity is not an indicator of a maximum
welfare status. That analysis should be done at the individual level and not at the group level.
Questions about welfare  should be raised if some cattle in a group have a low production, even
if the mean production level of the group is high. Genetic modification to increase production
could have an effect, either positive or negative, on the welfare of fattening cattle. However,
genetically modified animals are not discussed further in this report.
Production related diseases are due to non-specific factors which become pathogenic due to an
animal’s physiological reactions arising in difficult conditions. The first variables to be seen
are PRUWDOLW\ and PRUELGLW\, which are affected by a large variety of different diseases.
Pathological findings may also be used, and they are part of morbidity. One should also
distinguish between clinical and sub-clinical diseases, and between acute and chronic diseases.
Epidemiological studies on a large number of animals are necessary to make meaningful
estimates, and they only permit assessment of the welfare by comparing different situations.
The effects of management on health can be explained, partly at least by the effect of stress on
the LPPXQHPHFKDQLVPV (Dantzer and Mormède, 1994). Tissue damage related directly to
human activity (mutilation, bruising, etc.…) or indirectly to disease is often a cause of SDLQ
and hence poor welfare. The ability to recognise signs of pain and associated distress is a
prerequisite before potentially painful interferences can be avoided or alleviated (Morton and
Griffiths, 1985; FELASA REPORT, 1994; OECD, 2000).  Adverse states in animals can be
measured by observing their behaviour (e.g. loss of appetite and as a consequence bodyweight
loss, abnormal body posture or appearance, reduced or abnormal activity, reduced or
heightened responsiveness) and by measuring physiological changes (e.g. changed heart rate
9and respiratory pattern, increased body temperature).  Biochemical signs may also be used (e.g.
increases in plasma ACTH, corticosteroids, catecholamines, acute phase proteins).
Adverse effects experienced by animals can cause them to suffer and can be caused by factors in
their environment and also from within themselves.  Animal suffering is a specific state of mind
that might be a consequence of feelings of fear, distress, pain, frustration or boredom depending on
their intensity and duration.  Where animals are handled and restrained, this will cause varying
degrees of fear, depending on the temperament of the animal and its previous contact with humans.
Animals may show fear by ’freezing’ and not moving or not vocalising, which could be
misinterpreted as not feeling pain, but their nervous systems are almost identical to other animals
that show pain more overtly.  Distress is another form of suffering and can be defined as "an
aversive state resulting from maladaption or inability to adapt to stressors" (OECD, 2000) and it
may be associated with behavioural changes such as stereotypic behaviour.  Pain can be defined as
"an unpleasant sensory and emotional experience associated with actual or potential tissue damage
or described in terms of such damage" (International Association for the Study of Pain, 1979), and
castration, dehorning and docking are mutilations that cause tissue damage and pain.  Some
diseases are also painful.
In the context of surgical mutilations pain can be divided into three main stages.  Firstly, pain
perception at the time of surgery, where pain receptors transmit nerve impulses to the brain where
they are translated into the actual feeling of pain.  Unless the animal has been anaesthetised in
some way (e.g. general or local anaesthesia), it will try to escape but it is usually restrained.
Secondly, over the next few days, the body normally repairs the damage by mounting an
inflammatory response and this too can be painful due to the release of local tissue substances such
as prostaglandins (pain at this stage can be alleviated by the use of anti-inflammatory drugs).
Moreover, unless the impulses in pain pathways are modulated or blocked at the time of injury,
pain becomes exaggerated through a process known as ’wind-up’, where not only the injured site
but also adjacent sites become more sensitive (hyperalgesia) and even non-painful stimuli can
become painful (allodynia).  It is important therefore, that some form of pain relief is given at the
time of surgery as well as for a few days after to avoid wind-up.  Thirdly, while normally,
successful healing occurs (unless there is infection) but occasionally pathological changes occur
and painful growth at the end of the cut nerves - neuromas – has been recorded in some species
(Sunderland, 1978; Simonsen et al., 1991).  They do not appear to have been investigated in cattle,
but we see no reason why they should not occur in this species as well. Mutilation of cattle is a
specific case causing fear, distress, acute and chronic pain, and is discussed later (Chapter 7.1).
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 3K\VLRORJ\
3K\VLRORJLFDO measures are useful tools for analysing the welfare of cattle. Among these,
neuro-endocrine measuring is often used. In particular, releases of DGUHQDOKRUPRQHV into the
blood are important physiological mechanisms indicating that the animal perceives a problem
and lead it to adapt to challenging events. The hypothalamic-pituitary-adrenal cortex and the
sympathetic systems are involved in most responses. However, other physiological systems can
be involved as for example the opioid systems. The analyses are context dependent and the
interpretation for assessing welfare should relate to the specific environment. Such analyses are
rather difficult to conduct. For example, even if the half life in the blood of the cortisol is rather
long the interpretation of the pattern of cortisol levels in the blood is difficult especially in the
case of chronic stress when feedback mechanisms are interacting.  The analysis of hormones
from the sympathetic system, for example adrenaline and noradrenaline is even more difficult,
as their rise times and half life in the blood are very short. To analyse these mechanisms, their
effects on target tissues are usually studied, in particular their effects on the heart activity and
on different metabolic processes. The different enzymes that are involved in hormone
synthesis, or their catabolites present in particular in the urine, can also be used. Other
biochemical variables can be useful for analysing the welfare of animals, for example those
related to the nutritional status of the animals or to the damage or changes of specific tissues
(heart, muscle, liver, adrenal glands, etc) (Stoskopf, 1983; Wiepkema et al., 1987; Toates,
1995; Chrousos et al., 1995; Folkow et al., 1997). In several studies it has been found that
stressors affecting cattle depress cellular and immune responses (Bleca et al., 1984; Cummins
and Brunner, 1991; Pollock et al.,1994; Ferrante et al., 1998).
Another relevant question is at what age animals are able to experience distress and pain, and
whether older mature animals feel pain more than young immature animals.  The assumption from
anecdotal evidence was always that the older the animal, the more pain it felt, but it may simply be
that older animals are bigger and therefore are more difficult to restrain, and thus appear to feel
pain more.  The effect of age has been studied in cattle by comparing the increase in plasma
cortisol of animals of different ages and subjected to the same mutilation (King et al., 1991).
However, developmental changes in young animals can include changes in the sensitivity of the
hypothalamic-pituitary-adrenal axis which would explain the results (Mellor and Murray, 1989).
The neurological networks for pain perception and the functioning of those nerve pathways are
present before birth, although the exact time varies according to the species.  It has always been
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recognised that the nervous system continues to mature after birth in that myelination of the larger
peripheral nerves (motor) is not completed until a few weeks later.  This late development was
thought to indicate that young animals could not feel pain, or that it was not so intense as in adults
with a fully mature system.  This notion has recently been challenged on several grounds and it
now looks likely that young animals feel more pain than older ones (for review see Fitzgerald, in
Soulsby and Morton, 2001).  First, nerve impulses from the pain receptors travel in unmyelinated
as well as myelinated nerves and so poor nerve myelination will not stop the perception of pain.
The poor myelination may however, impair a young animal’s ability to escape the noxious insult
e.g. by running away.  Secondly, as ’pain impulses’ pass along nerves to the higher centres of the
brain, they form junctions with other nerves (synapses).  Some of these nerves form a chain and
impulses pass on up the spinal cord to the brain.  Other nerves at the synapse actually originate in
the brain and pass down the spinal cord. They are known as descending inhibitory fibres. They act
as a sort of gate and impede the passage of impulses up to the brain, and in effect they raise the
pain threshold. It has been shown that young animals have lower pain thresholds than adults.  The
descending fibres develop in the first few weeks after birth in many species but there is no specific
information on calves. Finally, young calves may be very frightened at the time of the mutilation
and ’freeze’ rather than attempt to escape, giving the impression they do not feel pain. In summary,
this research suggests that young animals may feel more pain than adults and furthermore, they are
less able to take co-ordinated evasive actions.
 %HKDYLRXU
The GLYHUVLW\RIEHKDYLRXU is one important measure of how much cattle are adapting to the
environment. It is a major tool for assessing not only the negative impact of constraints but also
the positive effects of environmental features. Some cattle showDEQRUPDOEHKDYLRXUV when
they have difficulties or are unable to cope with the constraints. Such abnormal behaviours
include the occurrence of stereotypic behaviour, increases in some specific behaviours as for
example aggressiveness, changes in movement patterns and rhythms. The activities of the
animal in situations with minimal constraints should be known in order to assess the changes in
behaviours of the animals when they are under constraints. The usual environment of farm
animals has to be defined carefully in order to take into account the effects of the domestication
process.  Because domestic animals can differ in their genetic and physiological status from the
non-domestic populations, they may have problems to cope outside the farming environment.
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3UHIHUHQFHDQGPRWLYDWLRQPHWKRGV are sometimes used to answer questions about animal
welfare. In preference tests the animals choose between two or more features (food, bedding,
social contact, etc) of their environment. Methodological precautions should be observed to
identify the animals’ true preferences, and this demands that experiments be carefully
designed, implemented and interpreted (Fraser and Matthews, 1997). Also, one must establish
how strongly an animal prefers an option or avoids another one, or if it is motivated to perform
a certain behaviour that is prevented by some environments. This is often studied by using the
“elasticity of demand”. Commodities for which there is an increase in price which results in a
significant decrease in the quantity sold, are said to have an elastic demand and they can be
seen as luxuries. Those for which an animal will continually work are said to have ‘inelastic’
demand - they may be called ‘necessities’ (Dawkins, 1990). Preferences may not correspond to
welfare if the choices fall outside the animals’ sensory, cognitive and affective capacities, or if
animals are required to choose between short- and long-term benefits (Fraser and Matthews,
1997).
A ‘need’ is a ‘requirement’, which is a consequence of the biology of the animal. There is a
need for an animal to obtain a particular resource or to respond to a particular environmental or
bodily stimulus (Broom and Johnson, 1993). Scientific studies can provide evidence of the
consequences for animal health, physiology and behaviour if their needs are not satisfied (see
Report of the Scientific Veterinary Committee on the Welfare of Intensively Kept Pigs, 1997).
Conclusions about welfare should always be based on all available evidence, properly
weighted, and should not rely only on, for example, preference or other trials in experimental
conditions, or epidemiological surveys.  When modified practices are used, the relevance of
experimental studies where only one or a few factors have been varied, must be carefully
considered.  On operating farms, effects of such single variables may be exaggerated or
compensated by other factors, and the stockman factor is central in the effective functioning of
all systems.  It is therefore normally desirable that on-farm surveys are carried out before
definite recommendations are made.
 &RQFOXVLRQV
1. Cattle welfare can be assessed in a scientific way using a combination of methods. These
methods include measurements of health, physiology, performance, and behaviour as
well as preference tests, aversion tests, measures of motivation and abnormal behaviour.
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2. Welfare in existing systems can range from very good to very poor.  The system of
husbandry used can have a large impact on the welfare of the animals.
3. Good welfare relates not only to the health of the animals but also to the ability to
manage interactions with the environment and the existence of good feelings.
4. The scientific assessment of welfare provides evidence on which to base
recommendations for adopting or avoiding particular housing and management methods.
5. Very young animals feel pain and show signs of distress, and may feel more pain than
adults.
6. Very young animals may show a freezing response to fear and pain, and so may not show
a co-ordinated flight response.
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 ,QWURGXFWLRQ
Beef production systems in the European Union differ in regard to the age and weight at which
animals are slaughtered, the method of feeding and the type of accommodation. Two main
categories exist depending on whether the animals come from dairy farms or from suckler
herds (Table 1).
A high proportion of the offspring (excluding 6 million used for veal production) of the 21.7
million European dairy cows (Holstein/Friesian and dual purpose cows) are destined for  beef
fattening units. These offspring are separated from their mothers at 1 to 2 days of age and
artificially reared on milk or milk replacer plus solid food for a 6 to 9 week period.  They are
then weaned off milk or milk replacer and as functional ruminants are thereafter dependent on
a diet of solid food i.e. forages (hay, straw, grass, silage) or forages plus concentrates.  These
animals subsequently enter beef fattening systems. The fattening system will depend on the
region, tradition, type of diet available and market outlet.
A large proportion of the offspring of the 11.7 million beef suckler cows in the E.U. is also
destined for the beef fattening units.  The calves from the beef suckler cow remain with their
mother for a 6 to 9 month period before they are weaned.  At weaning the calf undergoes a
change of diet from a dependence on their mothers’ milk to a dependence on a forage diet and
a change in environment.  Details of weaning are presented in section 7.5.  The weaned suckler
calf’s route from the suckler herd to the beef fattening unit is again influenced by region,
tradition, type of diet available and market outlet.  The effects of weaning of the suckler calf
may be exacerbated by transportation and mixing with unknown animals.
Because of the effects of trade between Member States, the number of fattening bulls as a
proportion of the number of cows varies between Member States. For example, France has a
low proportion of fattening cattle relative to its cow population. In contrast Italy has a high
proportion of fattening cattle relative to its cow population (Table 1) because of the movement
of young animals between the two countries.
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7DEOH/LYHVWRFNQXPEHUVDQGIDWWHQHGFDWWOHLQ(8FRXQWULHVWKRXVDQGV
Country Total
cattle
Total
cows
Dairy
cows
Other
cows
Heifers2 Bulls
2
Steers
2
Austria 2198 891 678 213 82 297 16
UEBL³ 2977 1144 642 503 50 241 7
Denmark 2026 812 695 117 65 256 6
Finland 1125 415 383 33 43 184 0
France 20041 8530 4453 4077 627 974 304
Germany 15227 5729 5026 703 700 1771 48
Greece 542 278 182 96 33 152 0
Ireland 6992 2406 1268 1137 586 36 1060
Italy 7345 2779 2088 691 644 2063 6
The Netherlands 4287 1754 1674 80 65 203 0
Portugal 1285 651 362 289 47 142 7
Spain 5825 2936 1279 1657 800 1288 0
Sweden 1708 624 462 162 49 218 21
UK 11289 4358 2489 1869 879 290 1048
Total 4760 8114 2523
1Dec. 1997     21999     3Belgium and Luxembourg
 3URGXFWLRQ=RQHVLQWKH(XURSHDQ8QLRQ
Beef farming practices vary throughout the EU largely because of climatic factors. Allen et al.
(1982) described five basic production zones in the EU:
 1RUWKHUQPRXQWDLQ]RQH
This includes the mountain and moorland areas of Ireland and the United Kingdom (UK),
much of Norway, Sweden and Finland.  The zone is characterised by high rainfall, high wind
speeds, long winters, thin or peat soils and a rapid decline in forage potential at increasing
altitude.  Much of the area is devoted to forests, but in Ireland and the UK, beef suckler herds
and sheep are present as complementary enterprises.  Also in fertile valleys and on sheltered
coastal plains more intensive agriculture, including dairying and arable crop production, is
practised.
There is now little milk production in the northern mountainous areas of Ireland and the UK,
except around the coasts.  Under upland and hill conditions, suckler herds of beef cattle are
kept in a complementary farming system with sheep. Sheep outnumber cattle, but the better the
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quality of land the lower the ratio of sheep to cattle.  In these areas afforestation is competitive
with livestock production.
 1RUWKHUQORZODQG]RQH
This zone comprises the western coastal area of temperate maritime climate extending from
north-western Spain, through western and northern France, the lowland areas of the UK and
Ireland, to the low countries and around the Baltic coast. In this zone of grassland, fodder
production predominates.
This is the most important milk production zone of Europe, with the Friesian/Holstein as the
main breed.  The equable maritime climate, allied to low altitudes and flat or rolling terrain,
makes it ideally suited to grassland.
From the 1970’s and early 1980’s, beef and veal productions in this zone were almost
exclusively a by-product of dairying.  However, the introduction of milk quota in 1984 resulted
in a large increase in the number of beef suckler cows in this region.  The 3 million beef
suckler cows in Ireland and the United Kingdom now account for approximately 25% of the
beef cow population in the EU (Table 1).
 &HQWUDO]RQHDQGWKH3R9DOOH\
This is an area of continental climate, with progressively more severe winters to the east.  The
Po Valley, the most productive arable cropping area of Europe, has been included within that
central zone.
There is a clear distinction between the western and eastern sections of this zone.  In the west,
farms are predominantly in family ownership and of small size.  Indeed in Germany there are
many part-time farms with the head of the household earning most of his or her living from a
job in industry.
The central zone is varied and includes the main grain-growing areas of Europe.  However, it
also includes important upland stock-rearing areas such as the Massif Central in France.
In France, breeders have developed specialised high-performance beef breeds of which the best
known are Charolais, Limousin and Blonde d’Aquitaine. In marginal areas they have
developed rustic breeds such as Salers.
The central zone is not as well suited to grass production compared with the northern lowland
zone.  However, forage maize has become a most important feed for both milk and beef
production.
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The Po Valley is a highly fertile area suited to the production of a wide variety of crops.  It has
been a focal point for the development of beef production from bulls fed maize silage
supplemented with maize grain.  Most of the cattle are imported either as early weaned dairy
calves from Bavaria (Simmental), Poland and the UK (Friesian), or as weaned suckled calves
from France (Charolais, Blonde d’Aquitaine, Limousin).
 $OSLQH]RQH
Included in the alpine zone are the Pyrenees, Alps and Dinaric Alps.  It is a high mountainous
area with narrow but often fertile valleys.
As in the northern mountains zone, much of the alpine zone is devoted to forest.  Also much of
the alpine area, under the influence of Mediterranean climate, is barren and sub-marginal for
cattle production.  In a country such as Austria, milk production is important though there is a
tendency for cattle to be removed from mountainous areas.
 0HGLWHUUDQHDQ]RQH
The zone of Mediterranean climate needs to be subdivided into those areas that can be irrigated
and are highly productive, and those areas that cannot be irrigated and where crops suffer
considerable moisture stress.
The Mediterranean climate is not well suited to cattle production, and overall, sheep and goats
are more important than cattle. Most of the irrigated area that could be used for cattle
production is in fact used for crop production though there is sufficient milk production to meet
local demands.
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 7KH,QGXVWU\LQWKH0HPEHU6WDWHV
Beef fattening systems may be divided into two main categories, intensive indoor and grass-
based systems involving winter accommodation.
The diversity of beef fattening systems in the EU is influenced by the type of diets (largely
related to the climatic environments) and by the different cattle breeds.  These breeds may be
dairy (primary output milk), dual purpose (producing milk and beef) or beef (primary output
beef).  The EU dairy herd is dominated by the Friesian/Holstein breed.  In contrast the EU beef
herd is very diverse with late maturing beef breeds (Charolais, Limousin and Blonde
d’Aquitaine) dominating in France.  The beef herds in UK and Ireland consist of some pure
bred breeds, e.g. Angus, Hereford, French breeds but more cross bred cows (British breeds x
dairy breeds) mated to the late maturing beef breeds. The beef breeds in Spain are
predominantly local (rustic) breeds.  The complexity of the EU beef fattening system is best
understood when the industry is presented on a country basis.
$XVWULD The 0.7 million dairy cows  account for 3% of the EU dairy cow total and the 0.2
million suckler cows account for 2% of the EU beef cow total.
%HOJLXP  The 0.6 million dairy cows (Friesian/Holstein) account for 3% of the EU dairy cow
and the 0.6 million beef cows (99% Belgian Blue) account for 4% of EU beef cow total.  The
0.26 million bulls from the suckler herd are fattened after weaning on a diet of maize silage
plus concentrates for a 8 to 10 month period to reach a carcass weight of 485 kg.  The 0.06
million heifers from the suckler herd which are fattened are offered a similar diet and
slaughtered with a 425 kg carcass (Fiems and Boucqué, 1995).
'HQPDUN  The 0.7 million dairy cows (Danish Red and Danish Holstein) account for 3% of
the EU dairy cow total and the 0.12 million beef cows account for less than 1% of the EU beef
cow total.  The majority of the suckling cows are crossbred from dairy cows mated with
various sire breeds (Limousin, Hereford, Charolais, Simmental and Aberdeen Angus). (Hansen
and Vigh Larsen, 1995).  The tradition in Denmark is to produce young bulls from dairy herd
at 12 to 14 months of age with a carcass weight of 250 kg.
)LQODQG  The 0.4 million dairy cows account for 1.75% EU dairy cow total and the 0.03
million beef cows account for 0.25% of the EU beef cow total.
)UDQFH:  The 4.45 million dairy cows account for 20% of the EU dairy cow total and its 4.1
million beef cows account for 35% the EU beef cow total (Kempf, Rouquette and Chotteau,
1995).  The male calves from the dairy herd enter veal fattening units (1.76 million animals in
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1998) or are fattened as young bulls (470,000 animals in 1998) and slaughtered at 16 to 22
months of age (GEB, 1999).  The beef cow herd is composed of 2 million Charolais, 800,000
Limousin, 600,000 Blonde d’Aquitaine and 600,000 animals of local breeds (Salers, Aubrac
and Gasconne).  Approximately 1.16 million young animals are exported annually to Italy and
Spain at ages ranging from 6 to 16 months of age.  These animals may be exported either
immediately after weaning, or as prefattened store at 12 months of age or as non finished bulls
at 16 months of age. Animals finished in France are slaughtered at 18 to 24 months of age
(55% from suckler herds and 45% from dairy herds). Charolais and Limousin bulls are
slaughtered at 18 to 19 months of age with carcass weights in the range 410kg to 430kg.  These
animals are fed a diet of maize silage and concentrate in specialised beef fattening units.  In
addition steers, mainly in the North west of France, are fattened and slaughtered at 2.5 to 3
years of age using Holstein x Charolais and Normand breed (304,000 animals in 1999).
*HUPDQ\  The 5.0 million dairy cows account for 23% of the EU dairy cow total and the 0.7
million beef cows account for 6% of the beef cow EU total.  Ninety percent of the male calves
from both the dairy and beef herds are fed on a maize silage concentrate diet and are
slaughtered at 15 to 18 months of age with a carcass weight ranging from 330 to 380kg
(Munchhausen, 1995)  The primary beef breed in Germany is Simmental and the other main
breeds in the suckler herd include Angus, Charolais and Limousin.  The calves are weaned
from the beef cows at 4 to 8 months of age and sold to fattening units.
*UHHFH  The 0.18 million dairy cows (15% Holstein, 69% local x Holstein and 16% local)
account for 0.8% of EU dairy cow total and the 0.1 million beef cows account for 0.9% of the
EU beef cow total. The beef cow herd consists of crossbreeds, dairy cows crossbred with beef
sires (Limousin, Schwyz, Aberdeen Angus and Simmental or local breeds) (Zervas, 1995).
Calves are weaned when 5 to 6 months old.  In addition Greece import 70,000 calves from
Romania and Poland.  Cattle are fattened indoors on a diet of straw, hay and concentrates for
10 to 15 months and they are slaughtered at carcass weights of 170kg to 280kg.
,UHODQG  The 1.3 million dairy cows (Friesian/Holstein) account for 6% of the EU dairy cow
total and its 1.1 million beef cows account for 10% of EU beef cow total.  More than ninety
five percent of the beef cows are crossbred.  The majority of them are issuing from the dairy
herd  (Drennan, Keane and Dunne, 1995).  When not being bred for herd replacement, the sire
used on mature cows is usually a late maturing breed (Charolais, Limousin, etc.).  Both the
dairy and beef herds are predominantly spring calving and the majority of animals are finished
as heifers or steers.  Steers are generally slaughtered from 24 to 33 months of age with heifers
slaughtered approximately 6 months earlier.  Most animals are slaughtered straight from
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pasture (May to November) with the remainder offered grass silage and concentrates prior to
slaughter.  The mean carcass weight for steers at slaughter is 350 kg, the corresponding value
for heifers is 290 kg.  In recent years Ireland has annually exported 0.25 million weanlings
from the suckler herd to Spain and Italy.
,WDO\The 2.1 million dairy cows (1.4 million Friesian Holstein, 0.5 million Brown Swiss and
0.2 million Simmental) account for 10% of the EU dairy cow total and its 0.7 million beef
cows account for 6% of the EU beef cow total.  The beef cow herd is composed of 420,000
beef cows (Piemontese, 0.27 million, Chianina, 0.06 million and Marchigiana, 0.09 million)
and 270,000 of local breeds (Podolica, 60,000, Sarda, 100,000 and Modicana 110,000) (Gigli
and Iacurto, 1995)  In addition, Italy imports 1.5 million cattle of which 1.3 million enter
fattening units and 0.2 million are for immediate slaughter.
In Italy there are many specialised fattening units with a capacity ranging from 200 to 500
heads per unit.  They operate on 2 batches of cattle per year, fed a diet of maize silage plus
concentrate during a 5 to 6 month fattening period.  Some cattle are also finished on their farms
of origin.  Cattle from the beef breeds are housed indoors and are slaughtered when 18 months
old with a mean carcass weight  of 350 kg.  The animals from the rustic breeds graze part of
their time. They are slaughtered when 18 to 20 months with a carcass of 300 to 350 kg.  In
Italy there is a considerable range of variation of the final carcass weights for both bulls and
heifers. The main categories are:   - Light i.e. 250 kg for bulls at 14-20 months and 190 kg for
heifers at 10-16 months, - Medium i.e. 300 kg for bulls and 250 kg for heifers., - Heavy i.e.
heavier than 350 kg.
7KH1HWKHUODQGV  The 1.7 million dairy cows (Black and White and Red and White Friesian)
account for 7% of the EU dairy cow total and its 0.08 million beef cows account for less than
1% of EU beef cow total.  There are approximately 0.2 million young bulls fattened annually
(Heeres-van dertol and Plomp, 1993).  They are offered a diet of maize silage plus concentrate
and co-products from the feedstuff industry.  The bulls are slaughtered at 16 to 17 months of
age with a 370 kg carcass weight.  It is estimated that 75% of bull calves used for fattening are
imported.  The small beef cow herd is used for grazing in nature reserves.  Artificial
insemination (0.25m) is used on poorer producing dairy cows to produce beef crosses
(including Piemontese 0.1 million, Belgian Blue 0.04 million, and Blonde d’Aquitaine 0.04
million).
3RUWXJDO  The 0.4 million dairy cows (Friesian/Holstein) account for 1.5% of the EU dairy
herd and the 0.3 million beef cows account for 2.3% of the EU beef cow herd.  The majority of
the beef cows are from hardy breeds (Galega, Minhota, Marinhoa, Barrosa, Maronesa,
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Arouquesa and Mirandesa) (Alves and Teixeira, 1995).  The offspring are weaned at 6 to 8
months of age at approximately 200 kg liveweight.  The remainder of the suckler herd includes
Salers and Limousin crosses.  The beef fattening units and age and weight at slaughter are
similar to the ones observed in the Spanish fattening systems.
6ZHGHQ  The 0.46 million dairy cows  account for 2% of EU dairy cow total. The 0.16 million
beef cows account for 1.5% of the EU beef cow total.  Main beef breeds are Hereford,
Charolais, with some Aberdeen Angus and Simmental.
6SDLQ  The 1.3 million dairy cows (1.1 million Friesian/Holstein and 0.2 million Brown
Swiss) account for 6% of the EU dairy cow total and its 1.7 million beef cows account of 14%
of the EU beef cow total.  The national beef herd are mainly from 24 local breeds. The four
main breeds are Rubia Gallega (0.19 million), Avilena (0.08 million), Morucha (0.12 million)
and Retinta (0.14 million)  (Del Pozo and Osorio, 1995).  The management of the calves from
all those beef breeds is similar. They are weaned at 6 to 8 months of age, weighing 170 to 300
kg,  and are then transferred to fattening units.  They are slaughtered at 14 to 15 months of age
with a mean carcass weight of 260 kg for bulls and 230 kg for heifers carcass.  In Spain 80% of
the total beef production is from 7,500 feedlots located near cities.  In the feedlots 1 million
bulls and 0.7 million heifers are fed a fattening diet of concentrates plus roughage.
8QLWHG.LQJGRP  The 2.5 million dairy cows account for 11% of the EU dairy cow total and
its 1.0 million beef cows account for 16% of the EU beef cow total.  The vast majority of cows
in the dairy herd are Friesian/Holstein.  In local areas the Ayrshire, Jersey and Guernsey are
also used for milk production.  More than ninety percent of the beef cows are crossbred, the
majority being beef crosses born in the dairy herd (Lowman and Wright 1995). However the
purebred beef herds e.g. Aberdeen Angus, Hereford, Charolais still make up a significant
number of individuals. When not bred to produce replacements, the sire used for mature cows
is usually a late maturing breed (Charolais, Limousin, etc.).  The majority of animals are
finished as heifers or steers.  The dairy herd is predominantly an autumn calving herd with the
heifers for beef finished at 18 months and the steers finished at 18 to 24 months.  A grass or
grass silage and concentrate diet is fed in the final 2 to 4 months of fattening.  A small
proportion of male calves from the dairy herd are fed a diet of cereals and roughage and
slaughtered at 12 months of age with a 250 to 280 kg carcass.  Similarly a small proportion of
animals fed a diet of grass silage and concentrate are slaughtered at 15 months of age with a
280 to 300 kg carcass.  The progeny from the beef cow herd (50% sold as yearlings and 50%
fattened on farm of birth) is generally finished as heifers at 18 to 20 months or as steers at 24 to
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26 months of age.  A small proportion is fed a high energy diet and finished as bulls at 15-16
months of age.
 0DLQ%HHI3URGXFWLRQ6\VWHPV
 PRQWKROG'DLU\EXOOVIHG*UDVV6LODJHDQG&RQFHQWUDWHV
Throughout Europe this system was first developed on a basis of grass silage supplemented
with concentrates. In Scandinavia, where maize cannot grow, that system is the most usual.
The 16-month old beef system is based exclusively on top quality grass silage. It is
supplemented with 2 kg of concentrate (16% crude protein) in the period 3 to 12 months and
with 3 to 4 kg of concentrate in the period 13 to 16 months of age. Under Irish conditions one
hectare cut 3 times annually provides sufficient silage for finishing 5 animals per year (O’Kiely
and Flynn, 1990).  Dairy born calves are “conventionally” (as the female calves reared for
replacement) reared for the first 3 months.  They are then offered grass silage with 74% dry
matter digestibility (DMD) DG OLELWXP with the following supplementation concentrate
schedule (kg/day/head: 3 to 12 months: 2 kg; 13 to 14 months: 3 kg; 15 to 16 months: 4 kg).
The animals achieve a daily liveweight gain of 0.95 kg/day from 3 months of age and are
slaughtered at a final liveweight of 505 kg (Table 2).
 PRQWKROG'DLU\EXOOVIHG0DL]H6LODJHDQG&RQFHQWUDWH
In continental Europe maize production has spread rapidly northwards with the development of
early maturing varieties.  European beef producers in Italy, France and Germany have
developed maize silage beef systems for both dairy bred and suckler bred cattle (Allen, 1990).
Maize silage, while being a good source of energy, is low in protein.  As a result maize silage
with a 76% DMD is offered DGOLELWXP and the diet is supplemented with 2 kg of protein rich
concentrate (30% crude protein).  Dairy born calves are conventionally reared for first three
months and then offered maize silage DGOLELWXP to slaughter at 16 months of age.  The animals
achieve a daily liveweight of 1.15 kg per day from 3 months of age and are slaughtered at a
liveweight of 550 kg (Table 2).
 PRQWKROGGDLU\FDOIEXOOEHHISURGXFWLRQV\VWHPIHGDFHUHDOEDVHGGLHW
Particular markets in Spain, Portugal and Italy require a carcass weight of 250 kg from
Holstein or Friesian bulls at 11 to 12 months of age.  The production targets are very similar to
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those outlined for cereal beef production in England by the Meat and Livestock Commission
(MLC) which involves feeding concentrates DGOLELWXP from 12/14 weeks of age to slaughter
with a daily allowance of long roughage such as straw at approximately 5% to 10% of the total
diet (Fallon and Drennan, 1998).  Other cereals or cereal substitutes can replace all or part of
the barley provided that the ration is properly balanced for protein, minerals and vitamins.
The animals on this system achieve a liveweight gain of 1.25 kg per day from 3 months of age
and are slaughtered at 450 kg liveweight (Table 2).
 0RQWK2OG6XFNOHU%HHIEXOOVIHGJUDVVVLODJHDQGFRQFHQWUDWH
In the UK a substantial increase in the production of young bulls from the suckler herd
occurred in the years prior to 1996.  This took place because of the faster growth rate, leaner
carcasses and more efficient feed conversion of bulls compared to steers.  Provided that
fencing is good, leaving the males as entire bulls does not cause any extra management
problems during the suckling period at pasture except that they must be grazed separately from
the heifers from 6 months of age.
Young crossbred bulls are fed a high quality grass silage (74% DMD) and concentrates from
weaning to slaughter. They are slaughtered at 16 months of age with a carcass weight of 350 kg
(Drennan, 1993).
Single suckled bulls of late maturing continental crossbreds are weaned at 8 to 9 months of
age.  They are then offered grass silage (74% DMD) DGOLELWXP and 4 to 6 kg of concentrates
per head/day for approximately 240 days.  The animals achieve a daily liveweight gain of 1.25
kg per day from weaning and are slaughtered at 600 kg liveweight (Table 2).
 0RQWK2OG6XFNOHU%HHIEXOOVIHGPDL]HVLODJHDQGFRQFHQWUDWH
The system is widely practised in mainland Europe for the late maturing continental breeds.
The animals are weaned at 7 to 9 months of age.  Then they are accommodated indoors and
offered a diet of maize silage (76% DMD) DG OLELWXP and 4 to 6 kg of concentrates per
head/day for the duration of the fattening period (Allen, 1990).
In all situations the maize silage concentrate diet is designed to provide adequate protein and
the necessary minerals and vitamins.  The animals on this system achieve a liveweight gain of
1.40 kg/day from weaning and are slaughtered at 660 kg liveweight (Table 3).
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 RU0RQWK2OGEXOOVIURPWKH6XFNOHUKHUGIHGZLWKDFHUHDOEDVHGGLHW
In the EU there is considerable interest in the production of beef from young continental bulls
from the suckler herd. This system is for weaned single suckled bulls of the late maturing
continental breeds weaned at 7 to 9 months of age (Fallon and Drennan, 1998).  The animals
are offered concentrate DG OLELWXP with daily access to a roughage source (0.5 to 1.0 kg of
straw/head/day).  The animals are slaughtered at 12 to 15 months of age. The economics of
offering an all concentrate diet to continental cross weaned suckler bulls are driven by the price
of the weaned bull, the cost of the concentrates and the value of the final carcass.  A decrease
in grain prices encourages this system.  The animals on this system achieve a liveweight gain
of 1.55 kg per day from weaning to slaughter at 570 kg liveweight at 12 months of age.  The
animals slaughtered at 15 months of age achieve a liveweight gain of 1.35 kg per day from
weaning to slaughter at 640 kg liveweight (Table 3).
7DEOH,QSXWDQG2XWSXWIURPGLIIHUHQWEXOOEHHISURGXFWLRQV\VWHPVIURPGDLU\KHUG
Systems Grass silage
and concentrate
Maize silage
and concentrate
Concentrate
DGOLELWXP
Initial age (months) 3 3 3
Slaughter age (months) 16 16 12
Inputs (tonnes)
     Silage dry matter 2 -
     Concentrate 1 2.2 1.8
     Straw - 0.9 0.15
Output (kg)
     Initial weight 110 110 110
     Daily weight gain 0.95 1.15 1.25
     Final weight 515 550 450
     Carcass weight 280 300 240
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7DEOH .  ,QSXW DQG2XWSXW IURPGLIIHUHQW EXOO EHHI SURGXFWLRQ V\VWHPV IURP VXFNOHU
KHUGV
Systems Grass
Silage and
Concentrate
Maize
Silage and
Concentrate
Concentrate
DGOLELWXP
Concentrate
DGOLELWXP
Initial age (months) 8 8 7/8 7/8
Slaughter age (months) 16 16 12 15
Inputs (tonnes)
     Silage dry matter 1 - - -
     Concentrate 1 1 1.45 2.25
     Straw - 1 0.11 0.18
Output (kg)
     Initial weight 310 320 320 320
     Daily weight gain 1.30 1.40 1.55 1.35
     Final weight 620 660 570 640
     Carcass weight 360 375 325 370
 \HDUROGVWHHUVIURPWKHGDLU\KHUG
The objective is to efficiently use the grass throughout the year either grazed LQVLWX or offered
as grass silage while maintaining high performance. The male calves are castrated at 2 to 3
months of age.  At grass, spring born calves rotationally graze ahead of the yearling animals
(leader/follower system). That system is important as it allows the calves to selectively graze
and it also facilitates the control of parasites.  The stocking rate is approximately 0.50 hectare
of grassland in favourable growth conditions per finished animal produced per year (Drennan,
Keane and Dunne, 1995).
Finishing animals are housed in mid-October after 210 days at pasture and weanling calves are
housed in mid-November after 200 days at pasture, depending on the grass supply (See table12
for a comparison of times spent indoors in the various systems). The silage allowance per
animal unit (weanling plus finishing) is 10 tonnes.
In the first winter weanlings are fed 1kg of concentrate per head/day and have DG OLELWXP
access to silage throughout the 150 day winter period.  In the second winter finishing animals
are fed 4 kg of concentrates per head/day and have DGOLELWXP access to silage throughout the
150 day finishing period.
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 \HDUROGVWHHUIURPWKHVXFNOHUKHUG
The objective is to efficiently use the grass throughout the year either grazed LQVLWX or offered
as grass silage while maintaining high performance. This is achieved by adjusting the stocking
rate during the grazing season. Areas are closed off for silage when grass growth is highest in
spring and the entire area is grazed from August to the end of the grazing season.  The grass
conservation programme is designed to provide adequate silage, with a 72% DMD for all
animals in the system from two silage cuts (Drennan, Keane and Dunne, 1995).
The male (castrated at 4 to 6 months of age) and female calves are weaned in the autumn and
housed for a 150 day winter period.  In the first winter they have DG OLELWXP access to grass
silage plus 1 kg of concentrate per head per day.  The yearling animals are at pasture from
April to November where they rotationally graze a number of paddocks.  The female animals
are supplemented with concentrate from September to November. They are slaughtered at 20
months of age.  The male steers are taken indoors in November for a 150-day fattening period.
In the fattening period they receive DGOLELWXP access to grass silage plus 4 kg of concentrate
per head per day.
 \HDUROGVWHHUVDQGKHLIHUV
Animals from both the dairy and beef cow herds are involved. Animals have two winter
periods (5 month duration) indoors offered a grass silage diet and no concentrate.  The animals
are finished during their 3rd season at pasture.  Animal performance is very dependent on
compensatory growth with low growth rates during the winter indoor periods and high growth
rates at pasture.
 2UJDQLFIDUPLQJ
Production of beef by organic methods is clearly defined by the EC-Regulation (No.
1804/1999). This regulation sets out rules for conversion, origin of the animals, feed, disease
prevention, veterinary treatment, husbandry management, free range areas and livestock
housing.
The minimum net area available to animals indoors must be 5 m2 per animal for cattle over 350
kg live weight with a minimum of 1 m2 per 100 kg. In addition, an outdoor area (exercise area,
excluding pasture) has to be provided, extending at least 75 % of the indoor area. The housing
must be provided with a resting area, consisting of a solid construction which is not slatted and
where ample dry bedding strewn with litter material is prescribed. The regulation also states
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that at least 60% of the dry matter in daily rations is to consist of roughage, fresh or dried
fodder, or silage.
In the case of fattening of bulls, the regulation goes far beyond the level of conventional
housing conditions the indoor and relevant benefits for animal welfare are expected (Sundrum,
1999). Rules for organic farming provide certain limitations on veterinary treatments for sick
animals. This may have implications for animal welfare, particularly if treatment is delayed or
if less effective treatment is administered.
The current number of farms providing livestock production according to the EC-regulation
differs widely between countries. An overview is given in table 4.
Table 4: Number of organic farms in different EU-countries (%) (Hamm and Michelsen, 2000)
&RXQWU\  &RXQWU\ 
Austria 10.1 France 0.6
Switzerland 6.7 Italy 4.0
Sweden 6.5 United Kingdom 0.4
Finland 4.7 Greece 0.2
Denmark 2.4 Spain 0.5
Germany 2.6 Portugal 0.3
Netherlands 0.9
In some countries beef cattle is the primary production of organic farms whereas dairy cattle is
the main production in other countries. In Spain, 50% of the organic livestock production is
beef cattle and only 1% dairy cattle (Trujillo, 2000). In Austria, 97% of the organic farms have
cattle, consisting of 65% dairy cattle and 35% beef cattle (Graf and Willer, 2000). In Denmark,
33% of the organic farms have cattle, of this 57% are farms with dairy cattle, forming the
majority of organic cattle (Anon., 1999a). However, only 26% of the bull calves born on the
organic farms in Denmark are slaughtered as organic (Nielsen, 2000), because organic
fattening of bull calves is not as profitable as organic milk production is. Lacks of resources
such as feed and stall capacity are other reasons for not fattening bull calves.
Although there is an increasing interest in organic beef, the market share of organic beef in
most countries is very low - only 2% in Denmark-, whereas other organic products e.g. milk
has a market share of more than 20% (Anon., 1999b). Consumer prices for organic beef
possibly exceed consumers’ willingness to pay, as premiums for organic meat in several
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countries in the EU result in a price of nearly 50% above the conventional products (Schmid
and Richter, 2000).
 &DWWOH)DWWHQLQJ6\VWHPV,Q6RPH2WKHU5HJLRQV
 1RUWK$PHULFD
The EU has 11.7 million beef suckler cows. In contrast the United States have 43 million beef
suckler cows. The number of beef cows in the USA has more than doubled in the last 35 years
increasing from 16.4 millions in 1946 to 43 millions in 1993 (USDA, 1995).
The beef cow herd is the primary producers of cattle for feedlots.  In the USA they are
basically of two types, farmer feeders and commercial feeders with a tendency for fewer but
larger feedlots. Farmer feeders operate feedlot with a one time capacity for less than 1000
heads of cattle. These cattle feeders represent over 98% of all feedlots in 1980 and market over
one-quarter of the total cattle (Perry, 1992).  In 1980 less than 2% of cattle feeders were in the
commercial category (> 1000 head capacity) yet nearly half of all fattening cattle were
marketed out of 411 feedlots  (Perry, 1992).  In 1980 there were 69 feedlots with a capacity of
more than 32,000 cattle (Perry 1992). The USDA (1995) reported that in 13 selected states that
were 79 feedlots with a individual capacity for more than 32,000 animals.  The general trend in
the USA is for the size of feedlots to increase.
In respect to feedlot design, Perry (1992) considered that fattening cattle did not require shelter
as a protection from cold weather as far North as the southern Canadian Provinces.  However,
in the hotter climate of Southern United States, providing shade from the sun during the
summer months results in more rapid and more efficient feedlot gains.  Perry (1992) reported
that even though fattening cattle are able to cope with rather severe weather conditions
outdoors, there is a strong trend towards semi-confinement facilities in order to control waste
production.
Feedlot Rations and Feeding System
The composition of rations fed in finishing operations depends largely on types of feed
produced locally and on the expected weights and grades of feeder cattle (Perry, 1992).
However, cattle types tend to fall into one of a few categories.  For instance, cattle purchased
for fattening are usually either calves or yearlings, of the type that will fatten to a United States
Department of Agriculture (USDA) grade of Choice, Good or Standard and are either steers or
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heifers.  Similarly, feeding programmes are relatively few in number.  In the Corn Belt area
feeding programmes are built around various proportions of corn plus corn silage or haylage or
other roughages.  There is nothing rigid about these limited combinations: if other grains were
to compete pricewise with corn, they would be incorporated into the diet.
A cattle feeding system is defined as a feeding enterprise for which the animal’s sex, grade,
starting weight and finishing weight have been specified (Tables 5 and 6).
The following is an example of the production of Choice grade beef from steers taken from
Perry (1992); The steer is generally a product of the beef cow herd with the genetic potential to
have high degree of intramuscular fat at slaughter. The animal can produce one of the most
popular carcasses for the chainstore trade.  The Choice steer calf does not have the time or the
capacity to be subjected to a diet containing a high percentage of silage at any time, except for
a very short time initially.  To take advantage of maximum performance, animals in this system
are implanted with growth hormones to improve efficiency and to save feed.  This animal
should reach a finish weight of 475 kg and should be in the feedlot for 190 days, with an
average daily gain of 1.2 kg.
7DEOH.0DLQIHHGORWILQLVKLQJV\VWHPVLQWKH86$WRSURGXFHDFKRLFHJUDGHFDUFDVV
$JH 6H[ 6WDUWLQJ )LQLVKLQJ 'DLO\ 1R
:HLJKW :HLJKW *DLQ 'D\VRQ
NJ NJ NJ IHHG
Calf Steer 195-250 475 1.2 190
Calf Heifer 180-225 410 1.0 180
Yearling Steer 260-295 520 1.3 150
2-year-old Steer 340 525 1.3 150
7DEOH.)HHGLQJSURJUDPPHVNJKHDGSHUGD\IRUVWHHUDQGKHLIHUFDOYHVWRUHDFKDFKRLFHJUDGH
Alternative Feedstuffs Steersa Heifersb
)LUVW 6HFRQG /DVW )LUVW /DVW
GD\V GD\V GD\V GD\V GD\V
1.  Maize whole plant silage 9.0 8.0 5.5 5.4 5.4
     Grainc 2.3 3.2 7.3 5.4 7.3
     Urea-based supplement 0.5 0.5 0.5 0.5 0.5
2. Ground maize earsc 6.4 8.2 11.0 6.4 10.0
     Urea-based supplement 0.5 0.5 0.5 0.5 0.5
3.  16 parts shelled cornc to 1 part
urea DGOLELWXP 7.0 8.7 11.5 7.0 10.5
aGain 225 kg in 190 days, or 1.2 kg/day.   bGain 200 kg in 180 days, or 1.1 kg/day.
cThe grain may be maize, milo, wheat or barley.
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 (DVWHUQ(XURSH
The cattle production systems in Eastern Europe are not very well described, however it is
assumed that there is a similarity with those practised in the EU.  The main feature in Eastern
Europe is the decline in cattle numbers over the last 20 years and more particularly in the last
10 years with many countries experiencing a 50% decline in total cattle numbers (Table 7).
7DEOH.&DWWOHQXPEHUVLQ(XURSHDQHDVWHUQFRXQWULHVPLOOLRQV
                                   Year
Country 1975 1985 1998
Bulgaria 1.5 1.7 0.6
Czech Republic 1.7
Slovakia
4.6 5.1
0.8
Hungary 2.0 1.9 0.9
Poland 12.8 10.9 7.0
Romania 6.0 7.0 3.2
Source WHO, 1999
 &RQFOXVLRQV
1. There is a large variety of climatic and farming conditions throughout the EU. Cattle
production systems are partly based on the foodstuffs produced on farms. These foodstuffs
are very dependent on the climatic conditions and as a consequence, fattening systems are
very diverse.
2. Within the EU there are 21.7 million dairy cows and 11.6 million beef cows.  These
animals are the source of cattle which will be accommodated in fattening units.
3. In 1999 the number of beef cattle fattened and slaughtered in the EU was 4.8 million
heifers, 8.1 million bulls and 2.5 million steers.
4. Large numbers of movements of live animals occur between countries.
5. The diversity of beef fattening systems in the EU is influenced by the different cattle
breeds.  These breeds may be dairy (primary output milk), dual purpose (produce milk and
beef), or beef (primary output beef).  The EU dairy herd is dominated by the
Friesian/Holstein breed.  In contrast, the EU beef herd is very diverse with late maturing
beef breeds (e.g. Charolais, Limousin and Blonde d’Aquitane) as the predominant breeds in
France.  The beef herds in UK and Ireland consist largely of cross bred cows mated to late
maturing beef breeds while beef breeds in Spain are predominantly local (rustic) breeds.
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6. In mainland Europe the majority of male animals are fattened as young bulls.  In the UK
and Ireland the majority of male animals are castrated and are fattened as steers.
7. In mainland Europe the majority of young bulls are offered a fattening diet based on maize
silage plus concentrate. The duration of the fattening period varies with the type of animal
and ranges from 120 to 250 days.  The bulls from the dairy herd are slaughtered at 12 to 14
months of age.  The bulls from the beef herd (weaned at 6 to 8 months) are slaughtered at
12 to 16 months of age.  The demands of the market (carcass weight and conformation)
determine the duration of feeding.
8. In Ireland, UK and north western France where the males are fattened as steers, many of
the animals are fattened off grass at 20 to 30 months of age and others are fattened indoors
for their final 5 months on a grass silage plus concentrate diet.  Heifers surplus to breeding
requirement can be fattened in intensive units or fattened off pasture at approximately 20
months of age.
9. Beef production in the USA is based mainly on steers and heifers from the suckling herds.
Those animals are finished in feedlots with high energy diets. This farming system is very
different to systems used in the EU.
10. Cattle production in the eastern European countries has declined in recent years.
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 +286,1*6<67(06
 +RXVH7\SHV
The type of housing provided for beef fattening will depend on the geographic location,
availability of straw, size of the fattening unit and on the traditional methods of fattening.  In
designing houses for fattening cattle most consideration has been given to labour availability,
feeding systems, type of diet, group size, drinking systems, and systems for handling and
storage of the manure.  The need for housing during the fattening period may be due to land
conditions that do not facilitate outdoor fattening or it may be used to protect the animal and
the caretaker from adverse weather conditions.  In some situation indoor housing is provided to
allow for the structured feeding of the animals under controlled management conditions.
A number of housing options are described. Recommendations for stocking density described
in the chapter are based on production experiments or on common practice.  Apart from
regulations dealing with organic production, there are no EU standards dealing with floor space
allowances for fattening cattle. These regulations (Council Regulation (EC) No 1804/1999) set
a minimum indoor space requirement of 5m² for animals weighing over 350 kg, with a
minimum of 1m² per 100 kg for animals over 500 kg.
 3HUPDQHQWWHWKHULQJLQWLHVWDOO
This type of design that facilitates individual feeding is common in small units in Scandinavia
and parts of Germany. A survey was conducted in 1994 in France which determined that 21%
of the fattening cattle were tethered and most of those animals were on straw bedding (Fraysse,
1994). It is likely that the size of those units is small and concern mainly heifers or steers.
Those units are mainly located in the south of France including the Massif Central. The design
of the stalls can be very diverse and several parameters which are of importance for the welfare
of the animals must be considered. These include the type of floor, the width and length of the
stalls, the partitions between stalls, but also the length and the type of the tether. The usual
design of such a facility is presented in Figure 1.  Littered tie-stalls for fattening beef cattle use
a grid at the back half to the stall to facilitate the removal of urine from male cattle.  In the
absence of a grid the stall platform remains continuously wet from urine leading to dirty
animals (Daelemans and Manton, 1987).  Slatted floors in the second half to the stall platform
solve this problem.  The stall length is a critical factor as the animal due to the animals’ growth
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and part of the design is that the animal defecates in the passageway behind the stall.  If the
stall is too short for the animal it will tend to lie with its rump in the dunging passageway.  This
dunging passageway is usually cleaned daily or twice daily with a scraper.
)LJXUH7LHVWDOOGHVLJQ+DOH\HWDO
 /LWWHUHG/RRVH+RXVH
This house type consists of a number of straw bedded pens in one or more rows (Figure 2).
Daelemans and Maton (1987) suggested that the pen area depends on the number of animals
per pen, the weight of the animals and, if fed individually, on the required frontage as shown in
Table 7.  The fully littered loose house requires approximately 4 to 6 kg of straw per animal
per day (Daeleman and Manton, 1987; Tillé et al., 1996).  This equates to 1 tonne of straw per
animal every 6 months.  The lying area is generally cleaned out only once at the end of the
fattening period.  Depending on the length of the fattening period the accumulated straw and
dung may rise up to 1 m plus above base floor level.  It is necessary therefore, that both
partition and troughs can be adjusted upwards as the straw and dung accumulate.  If an
adequate allowance of straw is not provided the animals become dirty as a result of the wet
lying conditions.
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)LJXUH . Fully bedded building with raised central passageway (Hardy and Meadowcroft,
1986)
7DEOH  The recommended dimensions of littered loose house pens (Daelemans and Manton, 1987).
Animal weight (kg) 200 300 400 500 600 700
Pen area/animal* (m2) 2 3 4 5 6 7
Frontage/animal** (m) 0.4 0.5 0.6 0.65 0.65 0.7
Pen depth*** (m) 5 6 6.7 7.7 9.2 10
*Rule: 1 m2 pen area per 100 kg liveweight ; **If every animal needs a place at the trough ;
***Minimum dimensions. They are increased in order to give all pens in one row an equivalent “depth”.
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 /LWWHUHGORRVHKRXVHZLWKFRQFUHWHGRUVODWWHGIHHGLQJVWDQG
This house type consists of a number of straw bedded pens in one or more rows with a straw
free stand next to the feeding trough (Figure 3).  An electric or tractor driven scraper is used
daily to clean the feeding stand if the floor in this area is a solid floor. Alternatively if the
feeding stand is slatted, the manure is
collected in a tank below the floor.  With
this system the daily straw requirement
is 4 kg of straw per animal per day
(Daelemans and Manton, 1987).
Additional gates are needed to close off
the feeding stand from the straw bedded
area during cleaning time. The total
surface per head proposed by Capdeville
and Tillié (1995) is slightly lower than
the one proposed in the previous system
(for a 700kg animal: 4m² straw bedded
surface and 1.8-2m² for the concrete
part) and 3 to 5 kg of straw per day and
per head are required.
In contrast, Hardy and Meadowcroft
(1986) suggested lower area
requirements for bedded yards (Table 9).
)
)
)LJXUHPart bedded/part scraped loose house
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7DEOH  Recommended space allowance per animal on solid floors (m2/head) based on production data (Hardy
and Meadowcroft, 1986).
Liveweight
(kg)
Bedded area* (m²)
(excluding troughs)
Loafing/feeding area  (m²)
(excluding troughs)
Total area*  (m²)
200 2.0 1.0 3.0
300 2.4 1.0 3.4
400 2.6 1.2 3.8
500 3.0 1.2 4.2
600 3.4 1.2 4.6
*For fully bedded yards the total area should be used.     
The surface of 4.6 m2 for 600 kg cattle is very similar to that observed by Sundrum and
Rubelowski (2000) in a survey of German fattening units.
Swedish legislation requires a minimum surface of 4.5m2 for head of cattle weighing in excess
of 400kg in loose deep litter housing (Jordbruksinformation 2 – 1998).
 /LWWHU ORRVH KRXVH ZLWK
VORSHGIORRU
This housing system (Figure 4) is
based on a slope in the floor of 8 to
10% (Compere and Tillié, 1981;
Zeeb, 1986).  A small amount of
straw (1 to 2 kg/animal/day) is
distributed daily on the high side of
the floor, next to the trough.  The
animals gradually thread the straw
and manure downwards along the
slope.  The manure has to be
removed daily at the lowest point.
)LJXUH  6ORSHG IORRU KRXVH
+DUG\DQG0HDGRZFURIW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 &XELFOHKRXVH
The cubicle house provides the animal with an individual cubicle in which to lie and the
cubicle division may be timber or tubular steel (Figure 5).  The size of cubicle will depend on
the size of animal which is being fattened.  Kollar et al. (1979) suggested the following 1.60m
x 0.75m for animal up to 300 kg, 1.75m
x 0.85m for animals 300 to 400 kg, 1.90
x 0.95 for animals 400 to 500 kg, 2.00m
x 1.05m for animals 500 to 600 kg and
2.3m x 1.2m for adult animals.
Kavenagh and Dodd (1976) suggested
the following 1.5m x 0.78m for 200 kg
animals, 1.82m x 0.91m for 350 kg
animals and 1.98m x 1.06m for 510 kg
animals (Figure 5).  Kavenagh and Dodd
(1976) recommended a kerb height of
230 to 250 mm above the passage floor
and a passage width of 2.5 to 3m.  They
also suggested that the cubicle bed could
consist of 50 mm of straw, sawdust, sand
or 150 mm of compact sub soil base.
Kavenagh and Dodd (1976) stated that
concrete or crushed limestone was not a
suitable bedding material for cubicles.
The cubicle house requires a collection
and storage facility for the animal
manure.
)LJXUHCubicle house (MAFF, 1985)
Daelemans and Monton (1987) reported that the floor of cubicles contains a wooden or
concrete beam with 4 cm wide slots through which urine can be drained when used by male
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cattle.  These authors also stated that the construction of cubicle is too expensive and they are
therefore little used in practice.
 6ODWWHG)ORRU+RXVLQJIRU)DWWHQLQJ&DWWOH
The development of housing systems utilising liquid manure storage has been promoted in
order to overcome the unavailability of straw in many areas (combined with its cost), the need
to reduce labour requirements and the necessity to ensure that the manure is efficiently
managed to avoid pollution risks.  The majority of such systems use concrete slatted floors
with the liquid manure or slurry
falling through the floor perforations
into a below ground concrete tank.
The depth of the tank should provide
adequate waste storage capacity for
the housing period and is typically
about 2.5 m.  A central covered
feeding passage is frequently used
with confinement pens on either
side.  Silage can be fed either
independently from concentrates or
in combination.  Large units often
use tractor powered complete diet
feeders for mixing and distributing
feed along the feeding face. The area
and configuration of the pens is
designed to ensure adequate access
to feed for animals and is typically
0.3 m of feed face per adult animal
for silage only or where complete
diets are fed or 0.6 m where
concentrates are fed separately.
)LJXUHVODWWHGIORRUKRXVH+DUG\DQG0HDGRZFURIW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The superstructure is typically constructed from steel stanchions, steel trusses and timber
purlins.  Portal frame configurations are also used.  Roof sheeting and cladding are in
galvanised steel or fibre sheeting (Figure 6).
Ventilation openings are provided at the sides of the building and at the apex.  The size of the
openings is dictated by the exposure of the site.  More recently spaced roof sheeting has been
successfully used in some countries and it has the advantage in that it provides a more uniform
removal of stale air from over the animals throughout the buildings.
The system has many practical advantages including low operational costs due to reduced
labour and no requirement for bedding material.  However, there is a relatively high capital
cost associated with such structures and this had led to variations in the design being evolved
in some countries (Lenihan pers. comm.).  These include a) houses with partially slatted floors,
b) houses with “sloped floors” and c) houses with slats over shallow tanks (about 0.9 m) from
which the slurry flows by gravity to an adjacent storage facility.
The format of the partially slatted floor house is self–explanatory whereby only some of the
occupied area is slatted.  This may typically be the feeding area with the remainder of the shed
being bedded (see previous section).
In the case of the sloped floor house the floors are predominantly solid concrete slabs laid to
slope towards narrow channels covered with slats for slurry collection (Figure 7).  Mechanical
scrapers or flushing systems have been used to transfer the slurry out of these narrow channels
to storage tanks.  The configuration of the floor layout is such as to facilitate the movement of
slurry towards the collecting channels.  A possible problem with such facilities is that the
animals tend to be very dirty at the end of the housing season.
The design of houses incorporating fully slatted floors with shallow tanks may be appropriate
where ground conditions do not allow the easy construction of deep tanks (e.g. rock, high
water table etc.).  Slurry flows by gravity from the channels under the slats to an adjacent
storage facility which is often an above ground concrete or steel tank.
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In many instances, these designs have been incorporated when modifications are being made
within existing structures causing practical difficulties for constructing deep storage tanks
underneath the total animal accommodation
area, as it is usual for the conventional
slatted house.
Modification to slat surfaces, e.g. fitting
“soft” or rubberised materials to provide
more comfort, particularly for younger
animals, is a development which has taken
place in some countries.
Again, there is considerable variation in the
recommended space allocation per animal.
Daelemans and Manton (1987) suggested
that area allocation should be 0.75 m2 per
100 kg liveweight. This value is
considerably in excess of the values
suggested by Hardy and Meadowcroft
(1986) and by Capdeville and Tillié (1995).
Based on production data, recommendations
have been published for the minimum space
allowance for beef cattle of various sizes in
slatted floored pens (Dodd, 1985, Table 10).
Minimum recommended slat width is 125
mm and maximum gap width between the
slats 40 mm.
)LJXUH Slatted floor house with shallow tank
(MAFF, 1985)
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7DEOH  Recommended minimum space allowance per animal (m2) excluding troughs on fully slatted floors.
Liveweight (kg) Hardy and
Meadowcroft (1986)
Dodd (1985) ADAS
200       1.1 1.1
300       1.5 1.4 1.5
400       1.8 1.8
500       2.1 2.0 2.1
600       2.3 2.2
Sundrum and Rubelowski (2000) reported a mean area allowance of 2.4 m2 per animal for
fattening cattle in a German survey.  Swedish legislation (Jordbruhsinformation 2 – 1998)
requires a minimum space allowance of 2.3 m2 in loose slatted floor housing for cattle
weighing more than 400 kg.
 6\QWKHVLV
The housing systems used for cattle fattening in the EU vary a lot between countries of EU.
Table 11 gives general estimates of their importance
7DEOH   Relative importance of housing types used for fattening cattle in some Member
States.
+RXVHW\SH
Slatted floor Deep litter Litter and concrete
or slatted floor
Tie stall Other
Belgium ********
Finland **** * *** * *
France **** *** ** *
Germany ******* * **
Ireland ********* *
Spain ********* *
Sweden **** ** ***
United
Kingdom
* ****** *** *
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The period of time spent in indoor accommodation is influenced by the beef fattening system
and by the category of animal (breed and sex).  Table 12 summarises the time spent indoors for
the main fattening systems. Some animals are kept outdoors all year.
7DEOH  Time spent indoors by animals from different cattle fattening systems (starting with
6 month old dairy calf or post weaning for the suckler calves).
$QLPDO7\SH $JH ZKHQ
VODXJKWHUHG
PRQWKV
7LPHVSHQWLQGRRUVPRQWKV
3HULRG 3HULRG
dairy 12 9* -
dairy 16 13* -
suckler 12 4 -
suckler 14 6 -
suckler 16 8 -
heifer 20 5 -
steer 24 5 5
steer 30 5 5
*starting at 3 months
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 )HHGLQJIURQWDJH
The frontage allowance will depend on the weight of animal and type of diet.  There appears to
be general agreement among different authors as to the trough space allowance for loose
housed fattening cattle (Table 13).
7DEOH  Feeding trough space allowances for loose housed fattening cattle (m/animal) recommended by
different authors
Animal weight (kg) Trough space
(m)
Reference
< 400 0.50 Jordbruksinformation
> 400 0.60 2 – 1998
130 – 250 0.3 – 0.45 Hardy and
250 – 350 0.45 – 0.55 Meadowcroft, 1986
>350 0.55 – 0.70
500 0.60 Kavenagh and Dodd, 1976
The design of the feeding place is also important as it can have an influence on the feeding
time per animal and on the social competition (Tillié et al., 1996).  Common designs of feed
barrier are presented in Figure 8 (Hardy and Meadowcroft, 1986)
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)LJXUH)HHG%DUULHUGHVLJQV+DUG\DQG0HDGRZFURIW
 +DQGOLQJ)DFLOLWLHV)RU)DWWHQLQJ&DWWOH
It is essential to provide adequate on-farm facilities for handling fattening cattle for veterinary
investigation, routine examination, treatment, weighing or loading for transport.  The handling
facility should be friendly to both the animal and the operator.  In many areas the scarcity of
farm labour means that the handling facility is designed for operation with minimal labour.
Handling facilities should be provided either alongside or at the end of the building (MAFF,
1985).  Some of the MAFF (1985) recommendations include:
• The layout will depend on the site, e.g. existing gates, roads, access, building layout, and to
a certain extent the preferences of the producer.
• A typical layout showing essential elements and space allowances is illustrated in Figure 9.
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• A ramp for loading cattle onto transport should be provided in the layout.  The maximum
slope should be 17% and maximum height for vehicle tailboard 600 mm.
• Provide cover to the cattle weigh/crush with good daylight plus artificial light, a power
point and provision for hosing down.
• Handle cattle in groups up to a maximum of 20 in number.
• Long narrow pens (ratio of 2:1, length:breadth) allow better control of cattle.
• Fences and gates should be 1500-1600 mm high, with no protrusions or sharp edges.
• Hardwood, treated
softwood and galvanised
tubular steel are suitable
materials for
construction.
• Provide 100 mm thick
concrete paving
throughout the handling
area.
Ease of movement of animals
is an important consideration
in any cattle handling facility.
Grandin (1997) suggests that
if animals refuse to move
through an alley, chute or
race, there may be a very
simple solution.  Grandin
(2001) lists common factors
that can cause animals to
resist moving through a
handling facility and prevent
a properly designed facility from working efficiently. These include strange noises, reflections,
objects, draughts, changes in flooring and dark areas.
)LJXUH. Layout of cattle
handling facility (Hardy
and Meadowcroft, 1985)
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In Europe handling pens and races tend to have rectangular pens and straight races construction
of wood or tubular stall (Hardy and Meadowcroft, 1986).  A straight race is shown in Figure
10.
                         
)LJXUH.   A crush for handling cattle (courtesy www.cashels.net)
The recommended specification for width of working chute in beef cattle handling facilities
(Government of Saskatchewan, 2001) are 450 mm for cattle under 270 kg, 550 mm for cattle in
the range 270 to 540 kg and 700 mm for cattle over 540 kg liveweight.  The above publication
recommended a minimum length of 7.2 m.  It stated that  herd health care is virtually
impossible without a headgate and/or squeeze for restraining cattle.  There are many headgates
on the market and each of the four basic types (Table 14) are specially suited for certain
handling procedures.
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7DEOH7\SHVRIPDQXDOO\RSHUDWHGKHDGJDWHV
5HFRPPHQGHGIRU 1RWUHFRPPHQGHGIRU :DUQLQJV
6HOI&DWFKHU Hornless cattle, gentle
cattle, one-man
artificial insemination (A.
I.)
Excitable cattle, big feedlots,
horned cattle, groups of
mixed-size cattle (because the
gate has to be readjusted to
catch animals of different
sizes).
Excitable cattle, big feedlots,
horned cattle, groups of
mixed-size cattle (because the
gate has to be re-adjusted to
catch animals of different
sizes).
6FLVVRUV6WDQFKLRQ General purpose, big
feedlots, excitable cattle,
minimum maintenance.
Adjustable for cattle of
mixed sizes.
Very large bulls because they
may have trouble exiting due
to the narrow space between
the two bottom pivots.
Be careful not to catch the
animal’s legs or knees
between the two halves of the
gate or the animal may be
injured.
3RVLWLYH&RQWURO Dehorning, excitable
cattle, big feedlots.
Requires less strength to
operate than stanchion
gates; good head control.
Vet clinics where the animal is
held in the headgate for a
prolonged time.  AI and
pregnancy testing are the
primary uses of this headgate.
More likely to choke than a
self-catcher, scissor, or full-
opening stanchion.
)XOORSHQLQJ
6WDQFKLRQ
General purpose, vet
clinics, mixed cattle sizes
(because the gate seldom
needs adjustment).  Large
bulls can exit easily
Big excitable cattle, big
feedlots (because many full-
opening stanchion headgates
are not sturdy enough to
withstand constant heavy
usage).
Mechanism requires careful
maintenance to prevent
jamming. An excited animal
may trip over the lower gate
track.
Excessive squeeze pressure in a hydraulic chute can cause suffocation.  A hydraulic chute is
safe if the pressure relief valve is set correctly.  Cattle can also be injured when a fast-moving
animal is stopped suddenly by clamping the headgate around its neck.  A skilful operator can
control the squeeze to slow the animal down before it reaches the headgate.
In the US and Canada the general recommendations (Grandin, 2000) for shutes (races) are as
follows;
• Solid sides which prevent the cattle from seeing outside the fence should be installed on the
shutter (races) and the crowd pen which leads up to the single file shute.  Solid sides
48
prevent cattle from seeing activity outside the fence.  Cattle tend to be calmer in a shute
with solid sides.
• A curved shute works better than a straight shute because it is thought that cattle think they
are going back to where they came from.  Cattle move more easily through the curved race
system because they cannot see people and other distractions ahead.
However, open sided chutes have handling advantages making it easier to access the animals
for examination or treatment, especially where the animals are relatively used to human
contact.  Such designs are more common in Europe, probably because the animals are
generally less wild than in North America.
&RQFOXVLRQV
1. There are a number of housing type options for fattening cattle including loose housing and
tie up stalls. It appears that the vast majority of housed fattening cattle are accommodated
in loose houses with slatted floors.
2. Regulations on organic farming set a minimum indoor space requirement of 5m² for
animals weighing over 350 kg, with a minimum of 1m² per 100 kg for animals over 500 kg
3. The appropriate size of tie- stalls and cubicles is dependent on the size of animal.
4. The surface recommended for littered loose houses or partially loose house is around 6 m²
for 600 kg bulls and slightly lower for littered house with concreted feeding stand (6 to
4.5m²).
5. Various studies have produced recommendations for slatted floor space allowance e.g. 2.2
to 2.5m2/animal for cattle in the 550 to 650 kg liveweight range. These studies have been
largely based on production considerations.
6. Feeding trough space allowances for loose housed fattening cattle are in the range of 0.6 to
0.7 m per animal.
7. Several types of handling equipment are in use depending partly on the type of animals for
which they are used. The type of handling facility will depend on the size of the fattening
unit and the tameness of the animals.
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 %(+$9,2852)&$77/(
 (QYLURQPHQWDOSHUFHSWLRQ
 9LVLRQ
Vision is well developed in cattle (Blaschke et al., 1984). Cattle have both cone and rod
receptors and can perceive colours (Soffié et al., 1980, Gilbert and Arave, 1986), especially at
low wavelengths (red, orange, yellow). However, they may have some difficulty in
distinguishing between blue, grey and green (Riol et al., 1989).
Like many other prey species, cattle have their eyes positioned on the side of the head. This
results in a restricted amount of binocular vision but at the same time allows a good field of
vision of about 330º (Phillips, 1993).
Light is important for cattle. They will work for a light reward (Baldwin and Start, 1981) and
the light:dark ratio may affect behaviour, including aggression and locomotion. In calves,
Weiguo and Phillips (1991) found that a high light:dark ratio reduced aggression in adverse
environments, probably because more unexpected, hostile encounters take place in the dark
than in daylight hours.
Research on the effects of day length on growth of beef cattle has given contradictory results.
Some authors have found increased growth rates with longer periods of light (Peters et al.,
1980; Mossberg and Jönsson, 1986) while others found no effect (Roche and Boland, 1980;
Phillips et al., 1997). The variation of the effects of supplementary light on cattle growth rates
could be due to the fact that the composition of the growth is often affected. Some researchers
have found that supplementary light can reduce body fatness in steers (Phillips et al., 1997) as
well as in post-puberal heifers (Petitclerc et al., 1984; Zinn et al., 1984). The balance between
protein and fat accretion and the nutrient supply may explain why some cattle have been
observed to grow faster with supplementary light in winter and some not, as pointed out by
Phillips and colleagues (1997). Studies on the effect of photoperiod on cattle behaviour are also
inconclusive. Nicks et al. (1988) and Dechamps et al. (1989) found no effect of supplementary
light on the time spent lying by the bulls. Phillips et al. (1997) observed that an increase of the
day length significantly increased the time heifers spent lying down, but found no effect in
steers.
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 +HDULQJ
Hearing in cattle has been less studied than vision. Nevertheless, it plays an important role in
inter- and intra-species communication.  Cattle can hear sounds of much higher frequencies
than humans and they are especially sensitive to high-frequency sounds (Heffner and Heffner,
1983; Kilgour and Dalton, 1984; Grandin, 1996; Smith, 1998). Waynert et al., (1999) found
that sounds made by people while handling cattle had a greater effect on heart rate and
reactivity than equipment sounds such as gates banging. Pajor et al. (1999) reported that
shouting at cows was very aversive. High-pitched, intermittent sounds had a greater effect on
beef cattle as observed by Lanier et al. (2000).
The suddenness, novelty and unexpected nature of sounds elicit the fear response.  In fact
noise, such as the sound of a truck horn, was shown to increase the heart rate of free-ranging
cattle (Arave et al., 1991), while cattle habituated to the sounds and sights of cars and trucks
will graze along highways (Grandin, 1997). Lanier et al. (2000) found that habituation to
noises did occur over 5-day trials, but these authors pointed out that it may not occur with
infrequent handling as it is typical under normal management procedures. They suggested that
reducing noise (shouting or metal clanging) during handling should help to reduce the level of
fear experienced by beef cattle.
In a harmonious group of cattle the animals are usually silent. Most of the vocalisations in
cattle are related to frustration and distress or extreme pain (animals seeking other animals,
anticipations of positive events as milking and food or reactions to painful events). Cattle
vocalisations have been described according to syllables, amplitude, pitch, tonality, length and
“meaning” (Phillips, 1993). Sonographic analyses of calls from Chillingham bulls have shown
that they emit calls and lows, and occasionally rutting grunt sounds (Hall et al., 1988). It is
suggested that its ontogeny involves practice and competition with peers in juvenile bulls (Hall
et al., 1988). Kiley-Worthington (1982) distinguished 4-5 different types of calls in cattle, but
different situations elicited the same calls, and thus no specific meaning could be attributed to
them.
 2OIDFWLRQ
Olfactory signals are extremely important in cattle, especially in intra-species communication.
Cattle have a well-developed olfactory sensitivity and are able to detect much smaller
differences in odour concentration than humans (Bell and Sly, 1983). Unlike humans, cattle
have two different sites of odour detection: the nose and the vomeronasal organ (Phillips,
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1993). They use flehmen to enhance odour detection in this latter organ, and this can be
observed already at an early age (Albright and Arave, 1997). Olfaction is involved in social
recognition and cattle can be trained to discriminate between specific individuals (Baldwin,
1977). It is one of the most important senses used by the dam to discriminate between her calf
and other calves. Olfaction is also used to communicate their psychological state. Boissy and
Le Neindre (1990) have shown that heifers learn a task slower in the presence of stressed
animals. Their latency to approach a bucket is higher if it is sprayed with urine from stressed
conspecifics than if it is urine from not stressed ones (Boissy et al., 1998).
 3DLQSHUFHSWLRQDQGWDFWLOHVHQVHV
Neural mechanisms of pain perception seem to be similar in cattle and humans (Iggo, 1985).
However response to pain can vary between species as it has been shaped by natural selection
(Livingstone, 1986).  Although signals of pain may be less conspicuous in cattle and other prey
species than in carnivores or primates, this could be due to the former species having evolved a
tendency to "hide" pain from predators. Therefore that low response should not be taken as
evidence of a lower sensitivity to pain stimuli. However, cattle vocalise more when subjected
to painful procedures as branding (Schwartzkopf-Genswein et al., 1998). Tactile perception has
not been investigated although it is important in all the relationships with conspecifics,
offspring, sexual partners and humans. For example, allogrooming is a main social activity in
cattle, and may lead to reduced heart rate (Sato and Kurado, 1993).
 /HDUQLQJ
Learning abilities are well developed in cattle. They perform as well as other domestic
mammals in learning tests and better that others such as rodents, cats and horses (Kilgour,
1981). Cattle can learn through stimulus discrimination, generalisation and association
(Albright and Arave, 1997). Stewart et al. (1992) found that cattle are able to learn by
observation although Veissier et al. (1993) found that observation modified the attention of the
animals towards the stimulus but did not improve performance. In addition, cattle will readily
explore new areas and this may facilitate some forms of learning (Albright and Arave, 1997).
Age seems to have an effect on learning abilities, younger animals being faster -at least in
some instances- than older animals, specially in adapting to new housing systems (Albright and
Arave, 1997). Cattle learn quickly, and for example, one contact with an electric fence will be
remembered for a long time.
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 6RFLDOEHKDYLRXU
Cattle are highly social animals. They tend to live in groups interacting agonistically
(aggressive acts and response to aggression) and non agonistically (mainly allogrooming and
sexual behaviour). Several types of threats can be described depending of the level of
ritualisation. Allogrooming between adults mainly consist of licking of the head, neck and
shoulder (review by Bouissou et al., 2001).
The social behaviour of cattle living in semi-wild conditions has been studied in several
locations (review by Bouissou et al., 2001). On Amsterdam Island, located southwest of
Madagascar, a large population running free for a long time has been observed. In that location
the basic social structure is a cow associated with one recently born calf and sometime the
yearling from the previous year. Three different types of groups are observed:  females with
some sub-adult males; adults and sub-adult males with a lot of solitary adult males; and mixed
groups of males and adult males, mainly seen during the mating season (Daycard, 1990). Males
and females occupy different home ranges and the composition of the groups are not constant
(Lésel, 1990). In the Camargue, cattle group in polygamous herds without a fixed territory with
several adult males in each group (Schloeth, 1961). In England, the Chillingham cattle have a
slightly different social structure, with females and young roaming  as a group over the entire
area available to the animals and bulls living in  groups of 2-3 or solitary, each with its own
home range (Hall, 1986 and 1989).
Aggression tends to be low between acquainted animals, particularly if they have been long
together (Sambraus and Osterkorn, 1974; Bouissou and Hövels, 1976a, b; Reinhardt et al.,
1986). Animals within the herd can develop strong bonds, which are usually maintained by
allogrooming, i.e. grooming others (Sato, 1984), and grazing in close proximity (Reinhardt and
Reinhardt, 1981). It has been suggested that allogrooming may induce ‘self-narcotisation’ and
the fact that it increases in intensive environments gives some support to this idea (Fraser and
Broom, 1990). The hormone oxytocin can be released by repeated touch from another animal
and could play a role in what appears to be  ‘self-narcotisation’ (Uvnäs-Moberg et al., 2000).
 +LHUDUFK\
Groups of cattle have a social hierarchy that determines priority of access to resources.
Hierarchies may not be the same for all resources and separate hierarchies may exist for access
to feed, space, sexual partners, etc (Phillips, 1993). Access to space is very important in
53
intensive systems as there is little opportunity for escape for low-ranking animals, and this may
cause stress (Arave et al., 1974). In general, aggressive behaviour decreases with increased
space allowance (Phillips, 1993; Kondo et al., 1989). Nevertheless, the effect of space
allowance on aggression is largely dependent on management factors such as feed supply and
location of food and water (Wierenga, 1992).
Once established, a hierarchy tends to be stable and is maintained by threats and avoidance
rather than by overt fighting (Kondo and Hurnick, 1987). The rank of an animal seems to be
affected by its age, breed, seniority in the group, body weight and horns (Broom and Leaver,
1978; Sambraus and Osterkorn, 1974; Oberostler et al., 1982). Rearing conditions may also be
important (Le Neindre and Sourd, 1984). Warnick et al., (1977) and Broom and Leaver (1978)
observed that Friesian calves reared in isolation were dominated by others reared in groups. Le
Neindre (1989) reached the same conclusions when observing Salers calves. However that
effect has not been observed in Friesian calves by Bouissou (1985) and Le Neindre (1989). The
discrepancy could be due to the management of the animals when they were grouped (Veissier,
1994).  Finally, rank is affected by temperament and this may have an important genetic basis
(Purcell and Arave, 1991).
 *URXSVL]H
Cattle usually retain cohesiveness and although there are situations in which cattle seek
isolation, isolation in general is not a natural state for herd animals such as cattle (Phillips,
1993). Small group size contributes to social stability (Albright, 1991) and smaller groups
have, in the long term, fewer aggressions than larger groups and the aggressions increased
linearly as the group size increased (Kondo et al., 1989). This may be caused by the animals
having greater difficulty for individual recognition, as group size increases.  Beef cattle herds
on rangeland typically break up into groups of 10-12 animals (Phillips, 1993). Fraser and
Broom (1990) suggest that the ability of cattle to recognise other individuals may be limited to
50-70 animals.
If space is available, the problem of aggression in larger groups can be overcome by the
formation of smaller subgroups (Phillips, 1993). Maximum group size is probably dependent
on affiliative relationships between group members. Such relationships are more developed
between animals living together from an early age (Bouissou and Hövels, 1976a, b, Bouissou
and Andrieu, 1978).
54
 0RWKHU\RXQJUHODWLRQVKLSVDQGZHDQLQJRIWKHFDOYHV
Mother-young behaviour has been dealt with in a previous report (Report on the Welfare of
Calves VI/BII.2, 1995), and therefore only the behaviour of suckled calves weaned from their
mother will be briefly described here.
The close relationship between cow and calf can be maintained for more than 14 months if the
cow does not calve in that time (Le Neindre, 1989a). Normal weaning age in free-ranging zebu
cattle occur between 8 (female calves) and 11 (bull calves) months (Reinhardt and Reinhardt,
1981). However, Lidfors et al. (pers. com.) found that free-ranging dairy cows weaned their
calves naturally at least 3 weeks before the birth of the next calf. Natural weaning is usually
gradual, where the mother makes it more difficult for the calf to get access to the milk, and the
calf gradually change from milk to a grass diet (Lidfors et al., 1994). Reinhardt et al. (1977)
reported that the zebu cow may kick, butt and threaten her calf whenever it attempts to reach
her teats during natural weaning. Cows suffering from dysfunction of the ovaries continue
suckling for more than another 9 months, and it is then the calf who voluntarily stops suckling
(Reinhardt et al., 1977). The bond between cow and calf may exist at least until the calf has
reached five years of age, and irrespective of the presence of new calves by the mothers side
(Reinhardt and Reinhardt, 1980). Cows may even allow a yearling calf to suckle, although they
are more aggressive toward the yearling than they were before the birth of the younger calf
(Veissier et al., 1990).
After around 10 months of age, the male calves interact more than the females with the other
members of the herd while the females interact more with their mothers (Le Neindre, 1984,
Kimura and Ihobe, 1985). Young males progressively form bachelor groups (Schloeth, 1956)
and females remain with their mothers which is the first step to the matriarchal structure
observed in cattle (Review by Bouissou et al., 2001).
 3XEHUW\DQGUHSURGXFWLRQ
The area about puberty and reproduction is important because fattening cattle go through this
period during their growth, and there might be several problems related to the changes in
behaviour caused by sexual maturation. Therefore it is important to have knowledge about the
normal behavioural changes during puberty and reproduction.
In bull and female calves mounting occur as a play behaviour already at 1-2 weeks of age, well
before sexual maturity (Kiley-Worthington and de la Plain, 1983; Le Neindre, 1984). Mounting
activity is high already during the second month of life (Reinhardt, 1983). Free-ranging cross-
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bred beef cattle showed no mounting at 1-2 months of age, but from 3-6 months the frequency
of mountings and sniffing unfamiliar cows increased (Lidfors and Jensen, 1988). At 5-6
months of age the bull calves were courting and mounting cows in heat (Lidfors, 1987; Lidfors
and Jensen, 1988). In early maturing animals there is a risk of having heifer calves being mated
by the bull calves. Therefore the latter are either weaned from their dams at about 6 months of
age, or else cows with heifer calves are kept in separate groups from cows with bull calves.
In free-ranging conditions young bulls leave the dam’s herd from about 1.5 years (Schloeth,
1961) up to 4 years of age (Hall, 1986). As older bulls have the main access to mating with
cows, young bulls tend to roam around in bachelor groups (Schloeth, 1961). By 2.5 years of
age most bulls are dominant over cows; before that age a dominant cow may prevent a young
bull from mounting (Houpt, 1998). A bull’s sexual performance is not improved by raising
them with females or exposing them to females at the time of puberty (Price and Wallache,
1990; Borg et al., 1993). However, rearing bulls in individual pens compared to group pens
does suppress sexual performance (Price et al., 1990). A high frequency of mountings has been
observed also in fattening cattle housed in slatted floor pens or deep litter pens (Lidfors, 1992).
In large feedlot systems in the USA there are sometimes problems with the “buller steer”
syndrome, i.e. specific steers, “buller steers”, are repeatedly mounted by other steers in the
group (see chapter 7.5.3 for more information).
In heifers, puberty is defined as the time of the first oestrus accompanied by ovulation, and it
occurs as a result of endocrine activity (Thomas, 1986). Puberty occurs anywhere from 4 to 24
months of age, usually at 6 to 18 months (Houpt, 1998). The oestrous cycle is 18-24 days long
(mean 21 days), but somewhat shorter in heifers (Houpt, 1998). According to Thomas (1986)
the following factors influence age and weight at puberty.
– Genetics – larger breeds of cattle are usually older and heavier at puberty than smaller
breeds. However, large differences in oestrous age have been observed between heifers
from different breeds even if they have the same adult weight. For example Le Neindre
(1984) observed that about 50% of the Friesian heifers were in oestrus before 9 months of
age when none of the Salers were observed in oestrus at the same age.
– Nutrition – Inadequate nutrition reduces growth rate and therefore delays the onset of
puberty.
– Environmental effects – high environmental temperatures delay puberty and produce poor
health and sanitation.
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 )RUDJLQJEHKDYLRXU
 *UD]LQJ
Cattle are ruminant herbivores. Although they can browse, cattle are mainly grazers. Normal
grazing time is about 8 to 9 hours a day with maximum recorded times of 10-12 hours a day
(Phillips and Leaver, 1985). However, on very poor pastures, grazing times of up to 13 hours a
day are possible (Smith, 1955). Cattle may be reluctant to increase grazing time at the expense
of lying and ruminating (Metz, 1984). It is likely that learning plays a role in shaping grazing
behaviour.
Cattle are diurnal feeders and show a distinct grazing pattern with maximum grazing activity
around sunrise and sunset (Hafez and Bouissou, 1975). Night feeding also occurs, particularly
in hot humid conditions or when days are short (Coulan, 1984).
Cattle can consume coarse grasses that need a large amount of chewing and mastication, as
well as rumination. In general, cattle are less selective than other domestic ruminants such as
sheep or goats; nevertheless, cattle will still show some degree of selection and will take a
greater proportion of leaf material, i.e. the higher parts on grass. In addition, cattle will avoid
grazing around faecal deposits (Phillips, 1993).
An important concern for cattle is to stay close together while grazing; maximum inter-animal
distances when space is not limited are about 10-12 m (Kondo et al., 1989).  That figure is
likely to be affected by breed and other factors. Cattle show social facilitation in their feeding
behaviour and when an animal eats, another might be stimulated to do so (Curtis and Houpt,
1983). This may result in cattle eating more while in group than when alone (Metz, 1974).
 5XPLQDWLRQ
Rumination may account for a substantial part of cattle activity (6 to 9 hours) with the most
intense period during the night (Phillips, 1993). Rumination is under voluntary control and
when the animals are disturbed they cease rumination. Only healthy and unstressed cattle
ruminate and thus rumination can be taken as a sign of ‘contentment’ (Phillips, 1993).
Time spent ruminating depends on the diet, particularly of its fibre content. At pasture cattle
ruminate longer compared to eating time when fibre content increases in the vegetation
(Hughes and Reid, 1951). Cattle can ruminate either standing or lying, but more often do so
while lying down (Phillips, 1993).
57
 'ULQNLQJ
Cattle originated from humid climates and their water requirements are higher than those of
other domestic ruminants such as sheep or goats  (Mount, 1979). Although in some rangeland
situations cattle may drink only once every 2-4 days, in most systems, they drink several times
a day (Phillips, 1993). Water requirements depend on diet, temperature and physiological state.
Diets rich in sodium or protein result in higher water intakes (Chiy and Phillips, 1992). When
very wet diets are provided, cattle may not drink at all (Phillips, 1993).
 (OLPLQDWLYHEHKDYLRXU
Cattle appear to exercise little control over elimination, which tends to occur randomly
throughout their living environment (Albright and Arave, 1997). They usually defecate and
urinate when they stand, after recumbency, and rarely while lying (Albright and Arave, 1997).
During defecation cows and heifers slightly arch the back, spread the rear legs somewhat and
raise the tail. During urination a more extreme arching of the back is seen and the urine is
expelled with some force. Bulls assume a normal standing or may walk during urination, and
little visible force is exerted during urine expulsion or defecation (Albright and Arave, 1997).
 /RFRPRWLRQDQGUHVWLQJ
 /RFRPRWLRQ
In wild and semi-wild conditions cattle roam over large areas. Cattle show a diurnal rhythm of
locomotion, with greater activity during daylight hours, especially at sunrise and sunset if they
have a grazing rhythm as described above (Phillips, 1993). Young animals are more active than
adults, particularly when they engage in play activities.
Cattle use the tail to get rid of flies. When harassed by flies or other insects, cattle bunch
together and this increases heat load (Wieman et al., 1992).
 /\LQJDQGVOHHSLQJ
Lying is important for cattle and they show a strong motivation to do so (Metz, 1985). Lying
usually occurs in sternal recumbency although occasionally cattle can lie down in lateral
recumbency. Prolonged lateral recumbency is prevented by the need to eructate gases from the
rumen. There appears to be social facilitation to lie down (Coe et al., 1991).
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Sleep has important functions in animals (Webb, 1979) and sleep deprivation causes severe
welfare problems (see Ruckebush, 1974). In ruminating animals, brain activity is similar to that
of non-ruminants while sleeping, and it has been suggested that rumination may provide the
physiological effects of sleep (Albright and Arave, 1997).
 *HWWLQJXSDQGO\LQJGRZQ
Cattle have an innate movement pattern when lying down and getting up. It has been described
in detail by Schnitzer (1971), and a literature review on the subject is available (Lidfors, 1989).
When lying down cattle make perpendicular movements with the head over the surface,
searching for a suitable place to lie down on. They then bend one fore leg and place the knee
on the surface, at the same time as they bend the other leg and place that knee close to the first
one. They may stop shortly before descending the hind part of the body slowly downwards,
and lastly the front legs are moved forward a bit so that the animal is lying in a comfortable
position.
When getting up cattle move to an upright lying position, and place the front legs under the
breast region. Then they make a swinging movement forward which helps in raising the hind
part of the body. From the kneeling position, cattle first stretch one front leg and then the other.
When standing up they often stretch the body, defecate and yawn.
On pasture it is sometimes observed that pregnant cows and heavy bulls have problems to
stand up, and they may then perform the swinging movement several times before reaching the
kneeling position. They may also get up through a sitting position like a horse or dog (Ref.).
This is however quite unlikely to occur in younger fattening cattle if they are healthy.
 5HDFWLRQWRFOLPDWLFFRQGLWLRQV
Adult cattle seem to be very tolerant to cold but may easily suffer from heat stress. Therefore,
in cold climates cattle will need protection at least from wind and rain, whereas in hot
conditions methods to alleviate heat load are important and the provision of shade seems to be
particularly useful (Silanikove and Gutmen, 1996).
As temperature rises, respiration rate and water intake increase, and at the same time cattle
seek shade and reduce food intake. Under hot conditions cattle may prefer to stand rather than
to lie and ruminate (Albright and Arave, 1997), however some studies have shown a different
response, with animals showing restless behaviour and lying down for long periods of time
while stretching out (Lewis and Wenioger, 1976).
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 &RQFOXVLRQV
1. Cattle have well developed senses and learning abilities. Although signs of pain may be
less obvious in cattle than in other species, cattle have the ability to feel pain and neural
mechanisms of pain perception seem to be similar in cattle and other animals, and humans.
2. Cattle are highly social animals. Groups of cattle have a social hierarchy that determines
priority of access to resources. Once established, the hierarchy tends to be stable and
reduces fighting. Mixing of animals and housing animals in very large groups may disrupt
the hierarchy and increase aggression.
3. Cows form long-lasting bonds with their calves when allowed to do so. During natural
conditions, weaning is a very slow and gradual process stretching over several months.
4. Age at puberty depends on several factors, breed being important. Mounting may occur as a
play behaviour well before puberty.
5. Cattle are ruminant herbivores and although they can browse, cattle are mainly grazers.
Cattle usually spend a long time grazing every day and show a distinct grazing pattern with
maximum grazing activity around sunrise and sunset.
6. Rumination may account for a substantial part of cattle activity. Rumination is under
voluntary control and when animals are disturbed they cease to ruminate.
7. In most situations cattle drink several times a day, more in hot conditions.
8. Cattle roam over extensive areas, and show a strong motivation to move. They also lie
down for long periods.
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 ())(&72)+286,1*217+(:(/)$5(2)7+($1,0$/6
In the European Community beef production is characterised by a wide range of production
systems which were discussed in chapter 3. Regardless the fattening system adopted, some
characteristics of the housing such as microclimate, close confinement, space allowance and
type of floor seem to have a major impact on cattle welfare and will be discussed in detail.
Other housing aspects such as the space allowance at the feeding trough will be considered
briefly. In this review an attempt has been made to distinguish the effects of confinement,
space availability, type of floor and bedding material on fattening animals. In many studies
more than one of these factors vary which makes the analysis difficult.
 0LFURFOLPDWHFRQGLWLRQV
Several parameters have to be taken in account when considering the microclimate
environment in particular temperature, humidity, air flow and the levels of different gases
(SCAHAW, 1999). In that text it has been suggested that acceptable temperatures range from 0
to 30°C when the humidity is lower than 80% and 27°C when the humidity is higher than 80%.
These ranges vary depending on breed, growth rate, feed allowance, physiological state and
adaptation.  Feed intake level, for example, will affect the heat production by the animals.
Some acclimatisation process to environment out of those ranges has also been described. It
seems that animals can adapt to low temperature but have more trouble to cope when it gets
hot.
The efficacy of natural ventilation can be affected by the location of the houses in relation to
local topographical features. The location of housing to increase the stack effect will increase
the natural ventilation with consequent improvements in the microclimate (Bruce, 1978).
Welfare of the animals is impaired when the levels of some gases are high. For example
animals seem to have problems to cope when carbon dioxide and ammonia levels respectively
are higher than 0.5% (5000 ppm) and 20 ppm  (SCAHAW, 1999). In the case of pigs a
maximum level of 10 ppm has been recommended for housing (Scientific Veterinary
Committee, 1997)
61
 +RXVLQJ,QVXODWLRQ
In northern European countries with cold climates, insulated buildings with slatted floor in the
pens are a common type of building for fattening bulls. In this type of building the air volume
per animal is often low and this fact, as well as the slatted floor, can influence animal health.
There is little knowledge of the effect of insulation on production, health and behaviour of
growing bulls. However according to current recommendations in Sweden, housed cattle in
uninsulated buildings during the winter should be fed to meet a 5-15 % higher maintenance
requirement than during warm season (Mossberg et al., 1992). Contradictory results
concerning group-fed growing animals in insulated or uninsulated buildings are reported in the
literature: Some researchers found a slightly better growth rate and sometimes a better feed
conversion in insulated buildings (Harmsen and Smits.,1972; Harmsen and Smits, 1981) while
other researchers found no significant difference in growth rate or in feed conversion between
bulls and heifers kept on slatted floor buildings with an insulated or uninsulated roof (Hansen
and Pedersen, 1980). As pointed out by Mossberg and colleagues (1992) when investigating
the influence of environment, there is considerable confusion between different environmental
traits and it is difficult to identify the factors causing the various effects. They found that
animals kept in uninsulated buildings had a poorer feed conversion per unit of liveweight and
they were leaner compared with animals in an insulated building. The former animals had
higher energy requirements for maintenance and activity.
 (IIHFWVRIWHWKHULQJ
Several authors have compared animals, either tethered or in loose housing.  Tethered animals
have restricted movements and cannot walk or take exercise for long periods. It has been found
that regular exercise increases muscle and bone growth in tethered growing animals (Melizi,
1985), improves semen quality (Tizol et al., 1987) and prevents limb disorders in bulls kept for
semen production (Zaitser, 1985). Jury et al. (1998) have shown that tethered bulls had
different patterns of muscle fibres to those housed in free stalls. In summary, exercise has an
important influence on the overall physiology of the animals (see also section 6.3.2.).
Tethered bulls had more abnormal getting up movements than those kept in groups on slatted
floors (De Vries et al., 1986). Tethering seemed to have a great effect on lying down and
getting up movements (De Vries et al., 1986). Resting behaviour is also influenced by
tethering. Muller et al., (1989) found that tethered heifers on concrete and partially slatted
floors showed a significantly reduction in the number of periods of lying in comparison with
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heifers kept free on deep straw. However tethered bulls on slatted floors which had lain down
abnormally, lay for a longer period than those which had laid down normally (De Vries et al.,
1986). Tethered animals also appear more reluctant to lie down. Ladewig and von Borrell
(1988) recorded a time interval of 59 minutes between the first intention behaviour and actual
lying in tethered beef bulls compared with only 9 seconds in tethered bulls on deep litter.
There are only few studies in which physiological measurements have been collected in
connection with behavioural studies of getting up and lying down (Müller et al., 1989;
Ladewig and Smidt, 1989). Müller et al. (1989) compared the heart rate of 18-months old
heifers which were tethered for four months on partially slatted floors with heifers kept loose
on deep litter. Heart rate increased independently of the floor surface when animals laid down,
but in tethered heifers on partially slatted floors the increase in heart rate was higher and it took
longer to come back to the starting levels. These animals also showed a great increase in heart
rate at first intention to lie down, which occurred up to one hour before the heifers actually lay
down whereas there was no change in heart rate in control animals on deep litter (Müller et al.,
1989). This study indicated that lying down in tether stanchions was aversive to the heifers and
avoided as much as possible. Ladewig and Smidt (1989) compared tethered bulls on concrete
and partially slatted floors with bulls kept free on deep straw. As previously reported, the
authors found that tethered bulls had a significant lower numbers of periods of lying down and
an increased frequency of investigating the area before lying down than those kept on straw.
The secretory patterns of cortisol of the bulls in the two housing systems were different during
the first four weeks. However after that period the response to ACTH stimulation was still
lower in tethered animals. From these data Ladewig and Smidt, (1989) suggested that there
was no adaptation at the central nervous level to this housing system, and the return of the
basal cortisol secretion was due to intracellular changes at the corticoadrenal level.
Tethered animals have more osteochondrosis than animals kept in loose housing (De Vries et
al., 1986). However, loose-housed animals, and more specifically those on slatted floors, have
a higher risk of foot problems compared with tethered animals, especially if they are fed
concentrates (Ingvartsen and Andersen, 1993). When tethered for a long periods, hoof
trimming is often necessary.
The comparisons of performances of loose-housed animals and tethered animals show
contradictory results. This is probably because the performance of loose-housed animals often
has been severely influenced by different space allowances (Ingvartsen and Andersen, 1993).
However, these authors suggested that if loose housed animals are allowed enough space
(>4.7m² per animal) they have a tendency to eat more (4%) and have a 4% higher feed
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conversion ratio than tethered animals, probably due to an increase in the level of exercise.
Consequently they are expected to have at least similar growth rates to tethered animals.
 Soft bedding has been shown to be much better for tethered dairy cows than concrete flooring
(Haley et al., 2001)
 6SDFHDOORZDQFHDQGSHQGHVLJQ
The space allowance recommended for fattening cattle varies considerably according to the
housing system (permanent tethering in tie-stall, littered or slatted loose housing) as reviewed
in chapter 4. Usually the smallest space allowances are used in intensive indoor slatted floor
systems (Daelemans and Maton, 1987). The effects of these variables on behaviour,
physiology, pathology and production are presented below.
 6SDFHDOORZDQFHSHQGHVLJQDQGEHKDYLRXU
It has been shown that a minimal distance between individuals within a group is important and
that a reduction in space allowance increases aggressive behaviour (Lutz et al., 1982; Larson et
al., 1984). However, Fischer et al. (1997b) found no increase in aggressive behaviour in heifers
with a reduced space allowance and Hicky (pers. comm.) obtained a similar result with steers.
A lack of space for lying down may reduce resting time, increase frequency of disturbance of
the lying animals while aggressive behaviour may increase (Wierenga, 1987). Abnormal
transitions, from lying to standing and vice-versa, also occur more often in smaller pens (Graf,
1979; Wierenga, 1987).
Several studies have been conducted on the effect of space allowance and pen design on
various behavioural activities of fattening cattle.  The conclusions of these studies can be
contradictory. Andreae et al. (1980) did not find any significant differences in lying times of
beef bulls kept at stocking densities of 2 m² versus 3 m2 per animal. Wierenga (1987) recorded
only a tendency for a reduction in lying times for bulls at 1.95 m2 versus 2.60 m2. Similar
conclusions were reached by Kirchner (1986). Ruis-Heutinck et al. (2000) found that a space
allowance of 2 m2 per bull reduced lying duration significantly compared with a space
allowance of 4.2 m². Fisher et al. (1997b), comparing finishing heifers kept at 1.5 m2, 2.0 m²,
2.5 m² and 3 m² reached similar conclusions. It seems that finishing cattle housed in groups
require more than an individual minimum lying area as suggested by Baxter (1992) in order to
maintain a preferred duration of individual lying bouts and resting. However, Fisher et al.
(1997a) comparing 1.5 and 3.0 m² space allowances for indoor finishing heifers reported that
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restricted space allowance slightly reduced lying behaviour but statistically increased head
resting behaviour (leaning upon inanimate structures as well as upon other heifers). Such
leaning behaviour can be considered a redirected behavioural substitute for lying down as
pointed out by Wiepkema et al. (1983). The results on leaning behaviour are, however, also
contradictory. Ladewig et al. (1985) and Muller et al. (1986) reported an increase in this
behaviour as space allowance decreases whereas Fisher et al. (1997b) did not report any
increase in leaning behaviour. The reason for these different conclusions could be due to
differences in the studies other than stocking density such as the types of flooring or housing.
Contradictory results have also been reported for aggressive behaviour. Wierenga (1987) and
Larsson et al. (1984) detected an increased level of aggression among bulls as space allowance
decreases whereas Müller et al. (1986) and Fisher et al. (1997b) did not recorded such effects
on heifers suggesting that the effect on aggressive behaviour of high stocking density may be
related to the sex of the animals.
Aggressive behaviour increases when there is a reduction in feeding space at manger. It has
been reported that when animals could not eat at the same time there was an increase in
aggressive and mounting behaviours and a reduction in lying time (Lutz, 1981). Reduced
feeding space per animal at the manger may also negatively influence feeding behaviour
(Kongaard, 1983). Graf (1984) reported that when trough length was reduced in slatted floor
systems there was a significant increase in the frequency and a decrease in the duration of
feeding periods.
Several authors observed that social licking was more frequent in the slatted floor systems than
in the deep litter system (Lidfors, 1992; Wibran and Akerberg, 1984; Graf, 1984). Wood
(1977) suggested that social licking may be important for the social stability within the herd
and Lidfors (1992) suggested that the relatively small area per animal provided in slatted floor
houses caused tensions leading to more social licking. However Fisher et al. (1997b) found no
effect of different space allowance on social activity of cattle housed on a slatted floor.
Buller steer syndrome is a sexual behaviour that is found among confined cattle especially in
the north American production systems. Buller behaviour occurs when a steer is repeatedly
mounted (buller) and ridden by its penmates resulting in injuries and sometimes death. Factors
associated with an increase in the proportion of bullers include: large group size (200- 250
animals per pen), warm weather, and stressful events such as mixing and handling (Blackshaw
et al., 1997). The relationship between group size and buller activity is more often reported
than is the effect of space per animal on buller activity (Acosta et al., 1981). However, if cattle
are given very limited space, buller activity may not be possible. Buller steer syndrome has not
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been described in European beef farms suggesting that the mounting activity is not high
enough to cause problems. One study reported that some bulls performed a significant amount
of mountings (Lidfors, 1992).  The different effects of space allowance on behavioural traits
are summarised in Table 15.
7DEOH Summary of the results from different studies on the effect of space on behavioural
patterns ( = no change ; < decrease ; > increase, - not measured)
Studies m2/ animal
Sex
Abnormal
Lying
Down
Standing
up
Time
Spent
Lying
Disturbance
of
Lying
animals
Aggressive
Behaviour
Feeding
Behaviour
Ruminating Sexual
behaviour
Oral
Stereotypy
Graf, 1984 3 m2 vs.
2m2
bulls > = = = - - > =
Wierenga, 1987 2.60 vs.
1.95
bulls = < > > - - = -
Andreae et al.,
1980
3 vs. 2
bulls
= < = = - - = >
Kirchener,
1986
2.7 vs. 2.3
bulls
= < = = - - = -
Fisher et al.,
1997a
3 vs. 1.5
heifers
< = = < < - -
Ruis-Heutinck
et al., 2000 4 vs. 2
bulls > < = = - - < -
 6SDFHDOORZDQFHDQGSHQGHVLJQDQGSK\VLRORJLFDOSDUDPHWHUV
Several studies examining the effect of restricted space allowance for fattening cattle have
reported a reduced cortisol response to ACTH (Beneke et al., 1984; Ladewig and Smidt, 1989;
Fisher et al., 1997a). Fisher et al. (1997a) found that chronically restricted movement or
overcrowding causes a reduction in adrenal responsiveness to ACTH. They suggest that the
effect could be either at the ACTH receptor level, or in the synthesis, release or clearance of
cortisol. However, Friend et al (1977; 1979) detected an increase glucocorticoid response to
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ACTH challenge in dairy cows with low space allowance or cubicle: cow ratio. In these two
experiments animals were submitted to ACTH challenge one week after the beginning of the
trials. It is possible that under those conditions the adrenal response of ATCH in cattle to a
chronically stressor such as high density or restricted movements may initially be enhanced
and then diminished. This hypothesis is consistent with the result of the study of Munksgaard
et al. (1999) who found, in young bulls repeatedly deprived of the opportunity to lie down, that
the response of the pituitary adrenocortical axis changed as treatment progressed. These
authors suggest that the changes they found may reflect a high priority of an adaptive
mechanism serving to minimise peripheral consequences of repeated stress rather than changes
in perception of the stressor.
Few experiments have been conducted to evaluate the effect of low space allowance on the
immune response of fattening animals. In one study Fisher et al. (1997b) did not find effects of
space allowance on the humoral immune response. However thus aspect requires further
examination.
 6SDFHDOORZDQFHDQGSHQGHVLJQDQGSDWKRORJ\
It has been reported that the number of lame animals increase when trough space is limited
(Murphy et al., 1987).
Reduced space allowance on slatted floors increases the occurrences of tail tip lesions as
reported by many authors (Konggard et al., 1984; Madsen, 1987; Madsen et al., 1987;
Andersen et al., 1997).
In a French survey reported by Béranger (1982), the effects of space allowance and air volume
on the mortality related to respiratory diseases of beef bulls on straw bedding were recorded.
Most of the animals used for evaluating the effect of air volume were also used for evaluating
the effect of space allowance. The mortality of bulls decreased when the air volume (Table 16)
and space allowance (Table 17) increased. The mortality curves showed plateaus when the
volume per animal was higher than 20 m3 and the space allowance greater than 3 m².
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Table 16: Influence of the air volume per beef bull on mortality related to respiratory diseases
(Béranger, 1982)
Air volume (m3/bull) Number of animals Mortality (%)
10-15 1014 1.35
15-20 1465 1.29
20-25 663 0.70
>25 1765 0.65
Table 17 Influence of the space allowance per bull on mortality related to respiratory diseases
(Béranger, 1982)
Space allowance (m²/bull) Number of animals Mortality (%)
<2.5 2124 1.98
2.5-3.0 1717 1.08
3-3.5 1467 0.53
>3.5 1796 0.55
 6SDFHDOORZDQFHDQGSHQGHVLJQDQGSURGXFWLRQ
As reviewed by Ingvartsen and Andersen (1993) many studies reported higher voluntary feed
intake and daily weight gain with increasing area per animal (Figure 11). In this review the
authors found that space allowances of less than 4.7 m2 per animal on slatted floors, weighing
between 250 to 500 kg, reduced average daily weight gain. However, it is not easy to sort out
the different risk factors as in most of the study reviewed by Ingvartsen and Andersen (1993)
type of floor, space allowance, space at feeding trough and group size were not constant. Other
studies have confirmed these data and reported that daily live weight gain and food intake of
fattening animals increased when the floor space allowance increased (Mossberg et al., 1992;
Pahl, 1997; Fisher et al., 1997b; Andersen et al., 1997; Ruis-Heutinck et al., 1999). The
reduction in growth has been explained partly by a decrease of feed intake but mainly by a
poor feed conversion ratio. The decrease in feed conversion efficiency at lower space
allowance may partly be due to an increased energetic cost associated with longer periods of
standing as suggested by Fisher et al. (1997b). No differences in killing out percentage, carcass
composition and conformation score have been found when space allowance is reduced
(Ingvartsen and Andersen, 1993; Mossberg, 1992; Andersen et al., 1997).
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)LJXUH Daily gain of growing cattle at different space allowances on slatted floors after correction for effects
of different experiments          individual experiments              estimated relative daily gain at different allowances.
(from Ingvartsen and Andersen, 1993)
The effect of group size, (number of animals per pen) in the range of between 5 and 20
animals, on production parameters seems negligible (Morrison et al., 1981; Hanekamp et al.,
1990; Hinddhede et al., 1996).
Reduced feeding space per animal may negatively influence eating behaviour (Kongaard,
1983) and result in a decreased growth rate and an increased feed conversion ratio (Keys et al.,
1978; Lutz et al., 1982; Hanekamp et al., 1990). Hanekamp et al. (1990) reported a
significantly improved daily gain and feed conversion rate when bulls were allowed 75 cm
manger space compared to 55 cm. Reducing feeding space at manger to less than one per
animal seems to reduce performance (Ingvartsen and Andersen, 1993). However Andersen et
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al. (1997) conclude that the effect of feeding space (1 to 5 animals per eating place) for truly DG
OLELWXP feed animals seems not to be significant.
It is important to remember that other factors such as the design of the feed manger may also
possibly influence performance (Bouissou and Signoret, 1971).
 7\SHRIIORRUDQGEHGGLQJPDWHULDO
Slatted floors have been used for many years as a convenient floor for intensive housing of
beef cattle in group pens or tethered animals, but concerns have been expressed about their
effects on animal welfare.
 7\SHRIIORRUDQGEHKDYLRXU
Wierenga (1987) has reported how fattening bulls sometimes stand up in an abnormal way (the
animals first stretch their forelegs) or lie down abnormally (the animals first sit down on their
hind quarters). The proportion of abnormal lying down movements seems to increase with age
according to Graf (1979) who recorded 50-60% of the lying down with such a pattern in 13
months old bulls. Andreae (1979) and Graf (1979) found a higher incidence of abnormal
transitions in animals kept on slatted floors than in animals kept on straw.  Abnormal lying
down and getting up has rarely been observed on rubber top-layer slats or on straw (Lidfors,
1992; Smits et al., 1995; Ruis-Heutinck et al., 1999, 2000).
Steers and bulls kept on straw had a higher number of lying periods and more time spent lying
(Andreae, 1979; Graf 1984, 1987) than on slatted floors. These data suggest that animals stand
up and lie down more easily when they are kept on straw. In bulls, a significantly lower
frequency of lying down and getting up on concrete slats than on straw has been reported by
other authors (Graf, 1979, Andreae and Smidt, 1982; Sambraus, 1980; Lidfors, 1992; Ruis-
Heutinck et al., 2000) indicating that animals may have problems in performing the normal
lying down behaviour. According to Graf (1978, 1979) this results from the difficulties that
animals have in getting up and lying down on hard and slippery slatted floor. A more frequent
occurrence of interrupted lying down intentions and actually lying down in slatted floor has
also been reported by many studies (Andreae and Smidt, 1982; Andreae et al., 1982; Lidfors,
1992). These findings seem to indicate that the floor surface was inadequate for allowing a
normal movement pattern (Lidfors, 1992). As reviewed by Lidfors (1989) when the bulls are
kept on partially slatted floors they not only have a lower frequency of lying down compared to
animals kept on deep litter but they also increase the time spent investigating the lying area
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before lying down. Ladewig (1987) found that bulls kept on slatted floors were more hesitant
to lie down compared to bulls kept on straw. The bulls on slats showed a reduced frequency of
lying down periods (6 to 12 times per 24 h) than bulls kept on straw (15 to 25 times per 24 h).
Ladewig (1987) reported that despite the fact that the total duration of time spent lying down
was the same on straw and slatted floors, the animals on the slatted floors lay without changing
body position for longer periods. He suggested that this reduction in the rate of changes in
body position on slatted floors may increase the risk of tissue damage.
As previously reported in chapter 3, in some beef fattening systems, animals are changed to a
new environment and housing system for the finishing period. Several studies have shown that
6-9 months old calves with no previous experience of slatted floors have more lying down
intentions per lying down movement, more interrupted lying down movements and longer
times to first lying compared to calves which were raised on slatted floors. However these
differences disappeared after about 10 days (Andreae and Smidt, 1982; Pougin et al., 1983).
Young cattle kept on slatted floors for 3 to 6 months showed normal lying down movements
but approximately 5% of their lying down movements were done via a sitting position (Pougin
et al., 1983).
The type of surface not only affected the rising and lying down movements and lying
behaviour of the fattening animals but also other behavioural traits (Ladewig, 1987; Ming,
1984; Ruis-Heutick et al., 2000). Ming (1984) reported a higher percentage of cases of slips in
fattening bulls kept on slats than on straw during the performance of various behavioural
activities such as social interactions, mounting and comfort behaviour. Ruis-Heutick et al.
(2000) found that bulls on soft bedding showed more active behaviour than bulls on concrete
slatted floorsSeveral authors pointed out that these changes became more pronounced when
the animals were kept under crowded conditions (Ladewig, 1987; Ruis-Heutick et al., 2000).
Several studies have shown that the use of modified "soft" slat surfaces, or partial rubberisation
or rubber mats on concrete floor, especially the lying area, reduced abnormal standing up and
lying down, and slips (Wee et al., 1989; Koberg et al., 1989; Smits, 1993; Ruis et al., 1999).
 7\SHRIIORRUDQGSK\VLRORJLFDOSDUDPHWHUV
In fattening cattle, little research has been carried out on the effect of type of floor on
physiological indicators of stress such as heart rate and pituitary-adrenal axis reactivity (Müller
et al., 1989; Ladewig and Smidt, 1989). In these studies the type of floor and rearing condition
(loose or tethered animals) were investigated. The results of these studies have already been
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discussed in the section on tethered and loose animals. In many cases the study designs have
been such that tethering and floor type have been confounded.
 7\SHRIIORRUDQGSDWKRORJ\
It seems that at the same space allowance bulls on slatted floor have a higher mortality and
culling frequencies then than on straw bedding (ITEB, 1983). Bulls on sloped floors have
intermediate mortality (Table 18). Lameness is one of most important diseases of beef cattle
intensively housed (Hanan and Murphy , 1983; Murphy et al., 1987). The lesions vary from
tendon and muscle injuries (Sturén, 1985), to hoof and foot diseases (Dämmrich, 1976; Jensen
et al., 1981; Murphy et al., 1987; Davies, 1996).
In a survey, treatments for lameness have been recorded for bulls from beef breeds in different
housing systems (ITEB, 1983). The authors found the highest levels in litter housing with a
sloped floor and the lowest on deep straw bedding (Table 19).
7DEOH Influence of the type of flooring on the mortality and culling of bulls (ITEB, 1983)
Type of floor Straw bedding Slatted floor Sloped floor
Number of animals 728 1084 276
Mortality (%) 1.25 4.52 2.52
Culling rate (%) 0.70 1.47 1.80
Total (%) 1.95 5.99 4.32
7DEOH: Influence of the housing system on the number of fattening beef bulls treated for leg
problems (ITEB, 1983)
Type of housing Number of animals Lameness occurrences during
the fattening period (%)
Cubicle house 160 23
Sloped floor 120 36
Slatted floor 510 26
Straw bedding 230 14
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As reported above, fattening bulls housed on full concrete slatted floors have problems with
standing up and lying down. This may be caused by lesions in particular of the carpal joint,
joint deformities or osteochondrosis (Beukema, 1987). Injuries to the carpus or hock may occur
when the animal is getting up or lying down, moreover the gaps between the slats are often
large enough to allow a digit to enter and that can cause damage (Dumelow, 1993). Wierenga
(1987) reviewed the various ways in which housing systems (loose or tethered animals) and
floor properties can affect the incidence of carpal joint lesions. He suggested that animals,
which have to lie down on hard surface such as concrete, may try to lie down and stand up
more carefully to avoid getting hurt. This could lead to a less optimal loading of their joints
resulting in the lesions described by Dämmrich (1986). The same author showed that lesions
can also develop when the animals slip or try to avoid slips on a floor which does not allow the
animals enough "grip" during movements. Dämmrich (1979) reported that lesions occur more
frequently when the housing system does not allow the animals enough possibilities for
locomotion. Fully slatted floors caused significantly more severe lesions and a greater
proportion of injuries than half slatted floors or quarter-slatted floors (Murphy et al., 1987;
Dumelow, 1993). Lesions are less severe on soft bedding (Wierenga 1987; Smits et al., 1995).
Bulls on deep litter have less hoof wear and require more frequent hoof trimming (Anderson et
al., 1991). The incidence and severity of soft tissue injuries of beef cattle housed on slatted
floors seem to be reduced by replacing part of the slatted area with sloped solid concrete floors
or by the addition of rubber surfaces to the slats. Many studies have shown that the use of
modified "soft" slat surfaces, or partial rubberisation or rubber mats on concrete floors,
especially for lying areas, reduced lesion to claws and joints (Wee et al., 1989; Koberg et al.,
1989; Smits, 1993; Ruis et al., 1999).
Tail tip necrosis is a multifactorial disease primarily related to the quality of the floor (Metzner
et al., 1994). This lesion is caused in most cases by traumatic injuries (tail tramping) which
subsequently become infected. The lesion usually begins at the tip of the tail with a typical
inflammatory reaction that gradually extends upwards. When the incidence of tail tip
inflammation is high this can lead to economic loss due to reduced weight gain, death losses
due to pyaemia, and veterinary costs. Tail amputation is used as therapeutic treatment at later
stages of the disease or, in some countries, as a preventive measure.
Tail tip inflammation has been reported in intensive fattening bull units with close confinement
since the 1970s (Bertocchi et al., 1973; Martig and Leuenberger, 1978; Kunz and Vogel, 1978;
Hünermund et al., 1980). The lesion occurs more often in young bulls on slatted floors while a
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lower frequency has also been reported in tethered bulls and sporadically in heifers kept in the
same housing system as fattening bulls (Bisgaard Madsen, 1987; Kunz and Vogel, 1978;
Metzner et al., 1994). Bisgaard Madsen, (1987) showed that concrete slatted floors, high
stocking density and high environmental temperature increase the frequency of tail tip lesions
in fattening bulls. Mertzner et al. (1994) did not find a seasonal influence on the incidence of
the lesions. However, the incidence of the condition also seems to be related to the feeding
regime which may relate to the consistency of the faeces.
 7\SHRIIORRUDQGSURGXFWLRQ
Irps (1987) observed a higher daily gain when slatted floors were coated with rubber. Koberg
et al. (1989) found better performance in fattening bulls kept on rubberised concrete floors.
Ruis-Heutinck at al. (1999) compared different types of floors for beef bulls. They found that
systems with rubber mats and straw resulted in improved feed conversion. However, in a
review, Ingvartsen and Andersen (1993) concluded that the differences in performance of
growing cattle housed on slatted floors and on straw bedding were not significant when they
are compared at the same space allowance.
 &RQFOXVLRQV
1. Animals can cope successfully only within a range of temperatures and humidity. They are
negatively affected when noxious gas levels are high.
2. Insulation of buildings is an option which is used when the animals are housed on slatted
floors and the outside temperature is very cold. As the volume allowances in such buildings
are often low, a monitoring of the microclimatic environment and efficient ventilation
devices are required.
3. Tethered cattle have limited movement possibilities and cannot walk. Their social
interaction is limited to their neighbours. Short tethers, low space and concrete floors are
among the different factors limiting the comfort of these animals. Tethered animals have
more leg problems than those on straw bedding. Hoof trimming is necessary for cattle
tethered for long periods or those on excessively soft surfaces.
4. A low space allowance increases aggression between animals especially among males. An
increased occurrence of aggressive behaviour is also observed when the trough space is
limited.
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5. Disturbances in the lying behaviour of animals are observed when the space allowance per
animal is low.
6. Diseases such as respiratory diseases are observed when the air volume or space allowance
per animal is low.
7. Daily gain seems to be less when the space per animal is lower then 4.7m².
8. The type of floor has important consequences for the welfare of the animals. When they
have the opportunity, animals choose straw bedded areas for lying down in preference to
slatted floors.
9. Among the different types of bedding, lower mortality is observed in animals with at least
some straw bedding and higher mortality in animals on completely slatted floors.
10. Animals on sloped straw bedded areas have a higher incidence of lameness than animals
kept on slatted floors.
11. Tail tip necrosis occurs much more often on slatted floors than on other type of housing.
12. The slat surface must not be slippery to avoid animals falling which increases the risk of
health problems.
13. Fattening cattle kept on concrete slatted floors have an increased incidence of abnormal
postures, lesions to the carpal joint and to the tail, and may show behavioural changes.
14. Increasing floor space allowance for animals on slatted floors improves growth rate and
feed conversion ratio.
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 0XWLODWLRQV
 ,QWURGXFWLRQ
Several surgical mutilations are carried out in cattle, including castration, spaying, dehorning
and tail docking and have been shown to cause fear, pain and distress (Mellor and Stafford,
1999).  Pain and distress have been studied using a variety of physiological and behavioural
changes, including increased activity in afferent nerves which in humans is associated with
painful stimulation, activity of the sympathetic nervous system, activity of the hypothalamic-
pituitary-adrenal axis, changes in posture and locomotor activity, changes in other behaviours,
and a reduction of all these changes by local anaesthetic or analgesic treatment (reviewed by
Molony and Kent, 1997; Mellor et al., 2000).   Although, different procedures may cause
different changes and so may be difficult to compare (FAWC, 1994; Mellor et al., 2000), if
care is taken when interpreting the responses they can be informative about animals’ likely
noxious experiences. Chronic pain, however, may not be identified by such changes and so
may be difficult to study.
The amount of pain and distress caused by a given mutilation will depend on the method used,
the skill of the person who carries it out, and what methods are used to alleviate the pain and
distress.  When providing pain relief no distinction should be made on the basis of age as
animals from as early as 4 hours after birth exhibit cortisol responses to mutilations (Mellor
and Murray, 1989).
 &DVWUDWLRQ
Castration is carried out in cattle to:
• reduce aggressive and sexual behaviour,
• reduce the incidence of meat quality problems, particularly dark cutting meat,
• encourage fattening (Faulkner et al., 1992).
The necessity for castration depends on the rearing system (see the Report on the Welfare of
Calves) and the age at which it is done varies from some weeks to more than one year.  The
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recommended period of castration in Ireland ranges between 8 and 12 weeks of age (Fallon,
1992).  In France, most of the castrations are done when the calves are much older (between 9
and 14 months of age).  Micol (1986) describes very late castration at 18 months of age and
concludes that the castration later than one year does not improve the economic results.
There are several methods available for castrating cattle, including surgical removal of the
testes, Burdizzo clamp and rubber rings.  The Burdizzo clamp crushes the spermatic cords,
whereas the application of rubber rings to the neck of the scrotum above the testes occludes
blood vessels, causing ischaemia and death of all tissues distal to the ring.  Immunological and
chemical (Cohen et al., 1990) castration has also been reported. The Burdizzo method implies
the crushing of large amount of tissue and is difficult to perform on older animals. For those
animals the surgical castration is most easy to perform.
The cortisol responses to these different castration methods suggest that surgical castration is
more painful than Burdizzo in animals between 5 and 6 months of age (King et al., 1991;
Fisher et al., 1996) and that rubber rings were more painful than surgical castration (Chase et
al., 1995).  In younger calves, Robertson et al. (1994) and K.J. Stafford and D.J. Mellor
(personal communication) concluded that the Burdizzo produced less pain than rubber rings or
surgical castration, whereas Obritzhauser et al. (1998) found no differences between the
Burdizzo and surgical castration.  Cohen et al. (1990) found that in Holstein calves surgical
castration caused greater distress than chemical castration (injection of alfa-hydroxypropionic
acid).  There do not seem to have been any study looking at the amount of pain caused by
chemical castration as opposed to rubber ring or Burdizzo.  Local anaesthesia can reduce the
stress caused by castration in calves, but its effectiveness depends on the method of castration
used, and in some cases it has little, if any, effect (Faulkner et al., 1992; Fisher et al., 1996;
K.J. Stafford and D.J. Mellor, personal communication).  As established in lambs (Diniss et al.,
1997), in calves local anaesthetic injected into the distal pole of each testis and the distal
scrotum virtually abolishes the cortisol stress response to ring castration, but is only marginally
beneficial with Burdizzo or surgical castration, whereas local anaesthetic given together with a
non-steroidal anti-inflammatory drug (ketoprofen) virtually eliminates the stress response to
Burdizzo or surgical castration (K.J. Stafford and D.J. Mellor, personal communication). An
alternative, less satisfactory method, also developed in lambs (Kent et al., 1995; Moloney et
al., 1993, 1997) may be to combine the burdizzo and rubber ring, but the burdizzo must be
applied across the full width of the scrotum and this method is only effective in lambs aged less
than one week. After an initial barrage of pain impulses caused by clamping, the Burdizzo
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abolishes the afferent pain impulses, and the rubber ring cannot be felt as it is applied below
the Burdizzo clamp line, but ensures complete castration. However, this method resulted in a
more protracted cortisol response than did clamp castration alone (Robertson et al., 1994;
Moloney et al., 1995).
 SpayingRYDULHFWRP\
Spaying of female cattle is an old technique that has been used at least in France and mainly on
dairy cows to maintain a lactation, or to improve growth and carcass traits (Chappat, 1993;
Neau and Berten, 1993).  Some experiments have shown that it does not improve productivity
(Berten et al., 1993) and it is probably not very frequently done nowadays.  There is a lack of
research on the welfare issues related to this procedure.
 7DLOGRFNLQJ
Tail docking of fattening cattle is performed as a preventive measure to reduce the incidence of
necrosis of the tail (Bush and Kramer, 1995).  There are two methods commonly available for
tail docking of cattle: the application of a rubber ring and the severing the tail with a hot iron
that also cauterises the tissues, the former method being preferred because of the absence of
subsequent bleeding (Petrie et al., 1996).  Both methods apparently cause relatively low-level
pain in most animals (Petrie et al., 1996a), leaving the question open regarding the routine use
of  local anaesthesia for this procedure.  As cattle use their tail to get rid of flies, and possibly
as a social signaller, tail docking may have detrimental effects on their welfare.
 'HKRUQLQJDQGGLVEXGGLQJ
Dehorning of fattening cattle is carried out to reduce management problems on the farm and
during transport, as well as to decrease carcass bruising (Goonewardene et al., 1999).  Several
methods are available for dehorning but not all are done with an anaesthetic.  A saw, obstetric
wire or large shears is used to cut the horn near its base.  Sometimes a skin incision around the
horn is made and the saw or wire seats in the frontal bone beneath the incision and the horn and
the attached skin are removed.  In younger animals scoops or hot cup shaped irons or shears are
used (disbudding).  The available evidence seems to suggest that the distress caused by all
these methods is similar (Sylvester et al., 1998a), although this evidence has been obtained
only in animals 5 to 6 months old.
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Studies of disbudding and dehorning in calves have been carried out using cortisol responses
and behavioural measures such as struggling and vocalisation during the surgery (Petrie HWDO
1995, 1996; McMeekan HWDO 1997, 1998a, b; Sylvester et al., 1998a, b).  Practical and other
implications of the findings are given below (Stafford and Mellor, 1993, 1997; Mellor and
Stafford, 1997, 1999; Mellor HWDO 2000 and unpublished observations of Mellor et al.).
'LVEXGGLQJE\FDXWHU\
Cautery disbudding caused a significant but short-lived rise in cortisol that was largely
complete by 2 hours after surgery and it was less than that caused by amputation dehorning
(Petrie et al., 1996b).  Prior injection of short-acting local anaesthetic (lignocaine) reduced the
acute cortisol distress response (not significantly) but it virtually abolished struggling and other
escape behaviours.
'HKRUQLQJE\DPSXWDWLRQ
Amputation dehorning caused a marked rise in cortisol that lasted 7-9 hours in calves aged
between 6 weeks and six months (Petrie et al., 1996b; McMeekan et al., 1998a; Sylvester et al.,
1998a).  The magnitude of that response was not influenced by either the amputation method
(Sylvester et al., 1998a) or by the depth of the amputation wounds (McMeekan et al., 1997).
Dehorning calves and then cauterising the wounds reduced the rise in cortisol (Sylvester et al.,
1998b) but struggling was marked (Sylvester et al., 1998b).  Prior injection of short-acting
(lignocaine) or long-acting (bupivacaine) local anaesthetic prevented both behavioural and
cortisol distress responses during the period of nerve blockade, but once the local anaesthetic
had worn off, pain-related behaviours occurred and there was a marked rise in cortisol
(McMeekan et al., 1998b).  These local anaesthetic strategies do not usually reduce the overall
cortisol distress response to dehorning, but merely delay it.  However, prior injection of the
non-steroidal anti-inflammatory drug (NSAID) ketoprofen did not affect the acute cortisol
distress response during the first 2 hours after horn amputation, but virtually abolished the last
5-7 hours of it (McMeekan et al., 1998a).  When both lignocaine and ketoprofen were given
prior to surgery, it virtually abolished the cortisol distress response to horn amputation
throughout the first 9 hours after treatment (McMeekan et al., 1998a).  Finally, injecting
lignocaine before dehorning and then cauterising the amputation wounds virtually abolished
the acute cortisol distress response throughout the first 9 hours after treatment (Sylvester et al.,
1998b) thought to be due to destroying the pain receptors in the skin.
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&RPSDULVRQRIGHKRUQLQJPHWKRGV
On the basis that no or less struggling during a procedure and lower overall cortisol distress
responses indicated less pain and distress the different procedures could be ranked (see Table
20).
7DEOHRanking disbudding and dehorning procedures from most to least severe.
5DQN 3URFHGXUH 6WUXJJOLQJ $FXWH&RUWLVRO
5HVSRQVH
6 Amputation dehorning +
wound cautery
During amputation and
cautery
Marked (75%)*
5 Amputation dehorning During amputation only Marked (100%)*
4 Prior local anaesthetic# +
amputation dehorning
None/little Marked (100%)*
and delayed
3 Cautery disbudding During disbudding Moderate (55%)*
2 Prior local anaesthetic# +
cautery disbudding
None/little Moderate (55%)*
2 Prior NSAID + amputation
dehorning
During amputation Mild (35%)*
1 Prior local anaesthetic# and
NSAID+ amputation
dehorning
None/little Very mild (25%)*
1 Prior local anaesthetic# +
amputation dehorning +
wound cautery
None/little Very mild (25%)*
1 Prior local anaesthetic† +
cautery disbudding
None/little Very mild (?%)
1 Non-treated controls None/little Very mild ( » 20%)*
*Percentage of the acute cortisol response to amputation dehorning in each study.
#Injected near the cornual nerve supplying each horn bud.
†Injected near the cornual nerve DQG around the base of each horn bud (Graf and Senn, 1999).
?% Percentage not known.
Mellor et al. 2000 note that the ranking scale is probably not linear.  As the procedures ranked
4, 5 and 6 caused different amounts of struggling (very low, marked and very marked,
respectively), but evoked similar (i.e. not significantly different) marked overall cortisol
responses, the distinction between them was made primarily on the basis of how much
struggling was caused.  Cautery disbudding without or with local anaesthetic (ranked 3 and 2,
respectively) both caused moderate overall cortisol responses, but the latter procedure is ranked
lower because other features of the cortisol response it elicits are similar to those of non-treated
controls and because struggling is virtually absent during the cautery.  Cautery disbudding with
prior local anaesthetic and amputation dehorning with prior NSAID treatment are both
included in rank 2, despite the overall cortisol response of the former apparently being higher
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than with the latter (55% vs. 35%), because the higher cortisol response is offset by a virtual
absence of struggling during the cautery and the lower response is offset by the presence of
struggling during and immediately after the amputations.   Rank 1 procedures cause little or no
struggling and elicit overall cortisol responses which are very similar to those in non-treated
controls.
 %UDQGLQJ
Different types of branding methods are used but include hot branding which  appears to be
more stressful than freeze branding as hot branded animals vocalise much more than cold
branded animals (Schwartzkopf-Geswein et al., 1997, Schwartzkopf-Geswein et al., 1998).
 &RQFOXVLRQV
1. Castration causes severe pain and distress.  According to some studies surgical
castration seems to be less acceptable from a welfare point of view than Burdizzo or
rubber rings. However those last two techniques can only be easily be done on young
calves. Local anaesthesia or local anaesthetic plus systemic analgesia act to reduce the
pain.
2. Spaying is likely to cause severe pain and distress and there is no indication for it.
3. Tail docking is likely to cause pain and interfere with the normal behaviour of the
animal.
4. Dehorning by any amputation method causes severe pain and distress. Local
anaesthesia and systemic analgesia can reduce, in the short term, the pain caused by
dehorning.
5. Disbudding of young calves may be more acceptable than dehorning from a welfare
point of view and does not cause as much pain as dehorning older animals.
6. Hot branding causes more pain than freeze branding.
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 *HQHWLFV
 'RPHVWLFDWLRQ
Although some evidence may indicate an earlier date for domestication, most authors believe
that cattle were domesticated some 8000 years ago in the Middle East (Zeuner, 1963).
Domestication involves biological changes (including behavioural changes) resulting from
both genetic selection (either conscious or unconscious) and exposure to the domestic
environment (Price, 1984). The possibility exists, therefore that some instinctive cattle
behaviours may have been modified by domestication. Nevertheless, studies of other domestic
animals have shown that the behavioural changes caused by domestication are quantitative
rather than qualitative in nature (Wood-Gush, 1983) and that the potentiality to perform most -
if not all - "natural" behaviours still exists in domesticated animals.
 *HQHWLFYDULDELOLW\
Mainly two species of cattle are domesticated, %RVWDXUXV and %RVLQGLFXV. In Europe most of
the cattle are from the Bos taurus species. They have been used for several thousands of years
in different environments for their work, milk and meat and a lot of different breeds exist. That
process has been very efficient and the physiology of the animals has changed considerably in
particular concerning the ability to produce muscle and milk. However all these animals have
kept their basic behavioural characteristics and a large genetic variability still exists within the
breeds even if, probably due to the adaptation to the different those husbandry systems, large
differences in some behavioural traits have been observed between some breeds. Physiological
traits and resistance to disease that can have an impact on the welfare of the animals can also
vary genetically. The absence of horns in polled breeds results from a single gene mutation.
However, most of the genetic differences observed are probably have a polygenic origin and
the specific genes have not been identified.
Double Muscling
One gene has been identified that has a major impact on the physiology of the animals and on
their welfare. Double muscling animals are characterised by hyperplasia and hypertrophy of
the muscle fibres. The lean and usually tender meat of such animals fulfils the requirements of
the marketplace, at least those of some regions of Europe. The mutation of a gene leading to
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the double muscle character has been identified. It is a single major autosomal gene and has
been identified as the gene coding for the myostatin protein (Grobet et al., 1997). Double
muscled animals found in different European breeds (Belgian blue, Charolais, Piemontese,..)
seem to have more trouble coping with  their environment (bedding, food,…). The double
muscling “condition is a syndrome, implying that it is associated with many physical,
physiological and histological characteristics other than muscular hypertrophy” (reviewed by
Arthur, 1995).
Double muscled animals show faster signs of fatigue during forced exercise than normal
animals. They are also more susceptible to heat stress and to fasting stress. They are usually
more excitable and have an increased reaction to stress (Arthur, 1995).
The main feature of the double muscling phenotype is the high frequency of dystocia. The
literature reviewed by Arthur (1995) describes difficulties at parturition. That fact is associated
with a very high proportion of caesareans. Combining different experiments Arthur et al.
(1989) found 2% of caesareans in Friesians whereas Belgian Blue cows have figures of 35 to
48%. In an experiment comparing double muscled and normal cattle, Arthur et al. (1989) found
higher percentages of calving difficulties (26.7 vs. 9.9%) and calf mortality (13.4 Vs 4.6%).
Heterozygous animals are characterised only by a higher growth rate than the normal genotype.
They do not show any of the detrimental characteristics of the double muscling observed in
homozygous animals.
Calving difficulties
Calving difficulties vary between beef breeds. In France, of animals recorded in the herd books
in 2000, the highest proportion of caesareans was observed in Belgian Blue cows (Table 19). It
was negligible in some other breeds, including a specialised beef breed such as Limousin. The
proportion of cows calving after 5.5 years can be used as a indicator of the longevity of the
cows. It varies a lot between breeds. The lowest proportion is observed in Belgian blue cows
(17%), which may indicate fertility problems and the highest in Salers (53%) (Dodelin, 2000).
However it should be kept in mind that this variable is strongly influenced by the culling
strategies followed by farmers and not only by the inability of the cows to carry on their
productive life.
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7DEOH : Calving difficulties of the cows registered in herd books of some beef breeds in
France in 2000 (Dodelin, 2000).
Easy calving (%) Caesarean (%)Number of
cows
(X1000)
Calvings of cows
older than 5.5
years (%)
Primi-
parous
All
calvings
Primi-
parous
All
calvings
Belgian Blue 3.8 17 6 11 88 81
Maine Anjou 12.8 34 41 55 15 9
Charolais 234.5 42 41 60 10 4
Limousin 132.3 51 82 92 1 0
Blonde d’Aquitaine 76 46 58 72 3 2
Salers 35 53 95 98 0 0
Social behaviour
Several components of cattle social behaviour seem to be genetically dependent (Grandin,
1998).  Individuals from specific breeds seem to dominate over others. For examples,
Aberdeen Angus dominate Herefords (Stricklin, 1983) and Salers dominate Friesians (Le
Neindre, 1989b). Herens, cattle reared in the Alps, fight to establish a social hierarchy and that
tendency is exploited for specific events. Homozygous twins, even not reared together, have
the same hierarchical status (Ewbank, 1967). However, the tendency to dominate does not
mean that the animals display much more aggressive behaviour when the hierarchy is
established. The temperament of animals and fearfulness seems to be important traits involved
in the dominance status of animals (Bouissou, 1985).
Some animals also have a tendency to display more non-agonistic behaviour than others. Le
Neindre (1989b) observed that Salers cattle, a hardy French breed, had more non-agonistic
encounters than Friesians. In fact, the former breed seemed to be more “social”, the individuals
spent more time interacting with each other and were much more disturbed by short term
isolation and when artificially reared without their mothers (Le Neindre, 1989a and b).
Reaction to Human handling
The reactivity to human contact has a clear genetic component (Burrow, 1997; Grandin and
Deesing, 1998). Several authors have studied that trait using different methods in dairy cattle
and beef cattle (see review of Grandin, 1998). Murphey et al. (1980) observed that dairy cattle
breeds have a lower flight distance than beef breeds. Le Neindre et al. (1995) observed the
reactions of animals when humans tried to actively drive the animal into a corner of a pen
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(docility test). They estimated the heritability to be significant and equal to 0.22. Higher values
have been estimated by other authors (Grandin and Deesing, 1998).
Sexual behaviour
Sexual behaviour seems to vary between breeds and in particular it has been said that the bulls
from dairy breeds are more sexually active than bulls from beef breeds (Chenoweth, 1986).
Health
Few papers deal with the genetic variability for health traits. However, Dutra et al. (1999)
surveyed a performance testing station in Sweden containing 46 12-month old bulls of different
breeds. Forty five (97.8%) of the bulls had lesions in the joints and/or growth plates.
Prevalence of bulls with at least one lesion was similar between breeds, but the number of
lesions per bull was highest in the Charolais, followed by Simmental, Hereford and Limousin.
Number of lesions was significantly correlated with daily weight gain, carcass weight and the
width of the proximal tibial epiphysis. Bulls with a significantly higher daily weight gain
(1629g vs. 1476g/day) showed more thickening of the growth plates than bulls with more usual
weight gain. Lesions were statistically independent, indicating that local biomechanical factors
within the joints were important in the pathogenesis.
Genetic variations in claw traits and claw disorders are observed between and within breeds
(Politiek et al., 1986; Hubert and Distl, 1994). Claw traits in young bulls kept under similar
conditions show even higher heritability estimates than claw traits of cows in herds (Politiek et
al., 1986).
In Holstein-bulls, liver lesions were about twice as frequent as in Fleckvieh bulls. In the USA,
the rate of liver abscesses recorded in 1995 averaged 12.9% for Hereford steers, and 23.5% for
Holsteins (Smith, 1998), also indicating a difference due to breed type.
 &RQFOXVLRQV
1. A large genetic variability in several traits is observed in cattle.
2. Beef breeds have been selected for a high meat production. These breeds are often
associated with a hypermuscularity which can cause leg disorders, increase calving
difficulties and decrease cow longevity.
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3. Among hypermuscular animals, the homozygous carriers of myotrophin defective gene,
or double muscled animals, need much more care due to their higher susceptibility to
stress. A high proportion of caesareans are carried out in these animals.
4. Health parameters, in particular lameness, are genetically dependent.
5. Cattle from some breeds have a higher social activity than others.
6. Reaction to handling is genetically dependent.
7. Naturally polled breeds exist. The use of naturally polled breeds avoids the need to
disbud animals.
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 )HHGLQJ
 ,QWURGXFWLRQ
Improper nutrition can influence the occurrence and severity of several metabolic disorders in
beef cattle and can lead to death. Even when the disorder does not have a direct nutritional
cause, manipulation of feed composition or supply can help to combat the problem. This is
particular true for conditions that are linked to fast growth. Inappropriate feeding regimes and
inbalanced feeding rations are causes of various metabolic disorders in beef cattle. In intensive
beef production systems (feedlots) 14 - 42% of the mortality are closely related to metabolic
disorders (Edwards, 1996; Smith, 1998).
 1XWULHQW5HTXLUHPHQWV
Nutritional requirements for beef cattle are well described in the literature (ARC, 1980; NRC,
1984; INRA, 1989; GEH, 1995). Energy and protein supplies are the major factors determining
growth, feed efficiency and body composition of beef cattle. Additionally, supplies of
minerals, trace elements, vitamins and water are important to ensure optimal growth.
ENERGY
Energy is the first demand in the nutrition of all animals. For ruminants fed plant-based diets,
fibrous carbohydrates (FC) are the primary source of energy. Within the group of
carbohydrates, cellulose is the most abundant organic compound in the world and composes 20
to 50 % of the dry matter of most plants. While no mammalian degradative enzyme is capable
of breaking down the ß-1,4-glucosidic linkages found in plant cell walls, microbes inhabiting
the rumen have enzymes which cleave these linkages. The major difference between starches,
which can be digested by monogastric animals, and cellulose, which cannot, is the spatial
configuration about the 1,4-glucosidic bond. The fermentation of ingested feeds by rumen
microbes has significant nutritional and metabolic implications for the host animal.
The nutritive value of FC is variable and can be affected by the inherent properties of  plant
material (e.g. lignification), by processing (grinding and pelleting), and by conditions occurring
in the rumen (e.g., pH and particle passage rate). With an increasing portion of crude fibre in
the diet, the digestibility of organic matter decreases. The nutritive value of non-fibrous
carbohydrates (NFC) is primarily affected by the type of grain and the method of processing.
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Main end-products of microbial carbohydrate metabolism in the rumen are short-chain organic
acids, referred to as volatile fatty acids (VFA). The VFA provide 50 to 80 % of the total
metabolisable energy supply to the host. For grazing ruminants and those maintained on high-
forage diets, little NFC passes from the rumen to be absorbed as glucose in the small intestine.
Consequently, glucose is derived primarily from the gluconeogenic activity of the liver
whereby propionate and other substrates are used to synthesise glucose. Significant amounts of
NFC (primarily starch) enter the small intestine in finishing cattle fed high grain diets.
However, net absorption of glucose from the gut appears to be low. Consequently,
gluconeogenesis still supplies the majority of glucose needed by the animal.
Energy requirements are  for maintenance and  for weight gain. The energy available for gain
is calculated by subtracting feed required for maintenance from total predicted energy intake.
The energy requirements for gain is a function of the desired weight gain, which is determined
by economic considerations. Maximum attainable gain differs markedly between animals,
depending to a high degree on breed, growth period, feeding intensity and sex (Kirchgessner et
al., 1994). Physiological restrictions are among others provided by the maximum of dry matter
(DM) intake and by the digestibility of the feed in the fore stomachs.
Animal nutritionists have developed different concepts in order to estimate the energy content
of feedstuffs in relation to the prediction of expected performance. In European countries,
different assessment concepts have been developed, based either on the level of metabolisable
energy (ARC, 1980; GEH, 1995) or on net energy (NRC, 1984; INRA, 1989). Net energy
concepts provide a more accurate description of energy release from feeds and better predict
performance of cattle. However, they are more complicated to handle in ration formulation
because each feed has different energy values for maintenance and for productivity functions.
In different European Countries, net energy concepts are carried out by the use of different
coefficients and levels of performance so that calculations are not directly comparable between
countries.
Protein and amino acids
The majority of protein entering the rumen is degraded to ammonia, with protein solubility
having a major effect on the extent of degradation. Feed protein solubility varies depending on
the foodstuff. Feed sources that are less soluble in the rumen are preferred as they bypass
degradation. Such proteins reach the small intestine and are available for absorption. Balancing
diets for optimum concentrations of ruminally degradable (RDP) and ruminally undegradable
(RUP) protein is important to maximise protein utilisation. In addition to consuming preformed
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protein, ruminants also obtain some dietary non-protein nitrogen (NPN). A portion of NPN
may be indigestible, but the majority of it is converted to ammonia in the rumen. A goal of
ruminant protein feeding systems is to maximise the conversion of ammonia to microbial
proteins and to minimise ammonia loss from the rumen by absorption. Ammonia is toxic to the
animal when the concentration of ammonia in the rumen is so high which is observed when the
rate of absorption into the bloodstream overwhelms the ability of the liver to convert it to urea.
The majority of rumen bacteria grow abundantly using ammonia as their sole source of
nitrogen.
Growing and finishing beef cattle require minimal levels of essential amino acids for
maintenance and tissue deposition, which are a function of live weight and rate of gain. The
quantities of essential amino acids arriving at the small intestine level are a function of
microbial amino acid flow and undegraded dietary protein flow. Microbial protein generally
accounts for 50 to 90 % of total intestinal protein flow and the essential amino acid pattern of
microbial protein is quite balanced relative to animal requirements. The constancy in essential
amino acid supply to the small intestine imposed by microbial protein flow created conditions
whereby no single amino acid clearly limits growth by cattle in most feeding situations.
Estimations concerning the utility of crude protein from different feed for maintenance and
gain are difficult to perform due to methodological difficulties. Recommendations show a huge
variation between calculation models (ARC, 1984; Geay et al., 1987; GEH, 1995; Schwarz et
al., 1995).
Physical structure
Optimum feeding of cattle requires the maintenance of good rumen function. A disturbed
rumen fermentation is the main outcome of a shortage of physical structure, which results in
depressed feed intake, reduced digestion and can be the beginning of metabolic disorders.
Although physical structure is difficult to define, it could be considered as an expression of the
“extent to which a feedstuff, through its content and properties of the carbohydrates,
contributes to an optimum and stable rumen function” (Brabander et al., 1999). Feed
containing physical structure stimulates chewing activity and this in its turn increases saliva
secretion. Since saliva buffers the rumen contents, it reduces acidosis and helps to achieve an
optimum pH and a ratio of volatile fatty acids. Roughage creates a fibrous layer in the rumen,
which is important for frequent and strong rumen contractions. Sauvant et al. (1999) reviewing
the literature conclude that the diet should contain more than 40% of particles longer than 2
mm to maintain a sufficient rumen pH. Suggestions have been made that feed contain a
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minimum of 1 kg (or 10%) long fibre roughage in order to avoid digestive problems (Journet,
1988). However, due to the great variation in chemical and physical characteristics of
roughage, this can only be a crude indication. It has also been pointed out that the long fibre
should be ingested with the rich cereal based diet to have a beneficial effect. For example
Béranger (1986) reports mortalities in bulls eating a diet based on high concentrate diet. The
mortality was much lower when the straw was given in the feeding trough mixed with the
concentrate (3%) than when it was given on a special rack (11.2%) or on the floor (10.5%).
Minerals
Calcium, phosphorus, magnesium and sodium are the most important minerals for ruminants.
Calcium and phosphorus are essential for good bone formation and bone quality. Beside the
quantity, the balance between calcium and phosphorus is also important. Recommended
requirements for calcium and phosphorus increase with growth rate. The calcium to
phosphorus ratio should remain above 1. Deficiencies or imbalances can have severe effects on
the bone quality and welfare of beef cattle.
Magnesium has a role in the bone formation, in neuro-muscular relationships and in the actions
of many enzymes. Poor quality roughage may have a low magnesium content but, poor
absorption can also occur on leafy grass, favouring the occurrence of grass tetany. Sodium is
the ‘osmotic skeleton’ of the extra cellular fluid. It allows the extracellular fluid to resist the
osmotic tensions of the solutes dissolved in intracellular fluid (Michell, 1985).
Recommendations for mineral intake are generally calculated taking into account levels of
retention and the inevitable losses. For each kg increase in live weight average amounts of 13.5
g Calcium, 7.4 g phosphorus, 0.4 magnesium and 1.2 g sodium are required (GEH, 1995).
Requirements for retention differ in relation to feeding intensity. Inevitable losses are primarily
a function of dry matter intake. The portion of inevitable losses in relation to the total
requirements increase with dry matter intake.
Trace elements
Essential trace elements relevant for beef cattle comprise iron, iodine, cobalt, copper,
manganese, molybdenum, selenium and zinc. In practical feeding regimes deficits can occur,
so that additional amounts are recommended to prevent decrease in performance or health
disorders. As in depth investigations in relation to requirements are largely absent,
recommendations have been made both for  minimal requirements and for optimal supply
levels.
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Vitamins
Minimal vitamin requirements, optimal requirements and recommendations for supply must all
be taken into consideration (GEH, 1985). While minimal requirements are suited to prevent
specific symptoms, optimal requirements are related to secure physiological processes in
relation to performance. Recommendations for the supply with vitamins enclose an extra
charge for security reasons (Jeroch, 1980).
Water
The exact determination of water requirements and more detailed knowledge about the actual
water consumption of each animal is only required if water supply is limited or too expensive
to be provided in abundance.
A reduced intake of water provides a risk for animal health. Besides a decrease of urine volume
and the accumulation of substances in the blood that are normally excreted with the urine,
reduced water intake leads to disturbances in thermoregulation (Kamphues, 2000). One of the
first signs of an insufficient water intake is a reduction in the feed intake. On one hand, an
increased feed intake promotes water consumption, while on the other hand a sufficient water
intake is a precondition for a high feed intake (Langhans et al., 1995). As a general
recommendation, cattle should be provided with 4kg of water per kg of dry matter intake
(Kamphues, 2000). In case of limited water supply, the water requirement is of special interest
in order to prevent negative effects on animal health, performance and welfare.
 0HWDEROLFGLVRUGHUVLQUHODWLRQWRGLIIHUHQWIHHGLQJUHJLPHV
Feeding strategies of beef cattle differ widely in relation to climatic environment, local
conditions for fodder growing and in relation to breeds and sex of the animals (see also chapter
3.3). While heifers and steers are mostly fattened on grass and concentrates often including a
grazing season in the summer, fattening bulls are primarily kept indoors, fed on corn silage and
concentrates, or concentrates and some long roughage. Possible metabolic disorders and
diseases are found in relation to grass based feeding regimes, diets rich in energy, deficits in
minerals, trace elements and vitamins and in relation to undesirable substances in feedstuffs.
*UDVVEDVHGIHHGLQJUHJLPHV
Production intensity of grass based feeding regimes ranges from extensive use of low quality
grass by steers and heifers without additional supply of concentrate, to high quality grass silage
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with high amounts of concentrates by young bulls. Grass based diets usually contain high
portions of roughage and are well adapted to the digestive systems in the rumen. Problems
provided by grass products are restricted to specific cases. Apart from situations where the
quality of silage is poor because of problems during harvesting or conservation, the main
metabolic disorders that occur on grass based feeding regimes are bloat and undernutrition.
Bloat
Bloat is a flatulence caused by an excessive gas formation in the rumen and disturbed
eructation (Jeroch et al., 1999). Serious cases of bloat are usually caused by a foamy
fermentation, which can cause death as a consequence of increasing pressure in the rumen
which can obstruct the blood circulation and respiration. Bloat especially occurs when the
proportion of legumes (white clover or lucerne) in the diet is high and when cattle are not used
to them. Carbohydrates and proteins of the chlorophyll that support emulsion are responsible
for bloat. As a consequence a stable and persistent foam generated in the rumen interferes with
the eructation of gases arising from digestion (Clarke and Reid, 1974; Majak et al., 1980).
The occurrence of bloat during grazing is infrequent if the pasture contains less than 20% white
clover (Carruthers and Henderson, 1994). Late matured plants or slowly degrading plants, such
as cocksfoot, reduce the occurrence of bloat in grass-legume pastures. Restricted daily access
to legumes can also efficiently prevent bloat.  However, bloat is not restricted to the grazing
period. Beef cattle fed diets that are rich in grains also show a predisposition for bloat (Perry,
1995). When the portion of crude fibre is low, rumination is diminished and the motility of the
rumen is impaired, leading to a deficit in buffering saliva and a reduction in metabolism and
fermentation in the rumen (Jeroch et al., 1999
Undernutrition
Grass growth may be very low in dry summer periods and during winter (outdoor/stores) and
may result in undernutrition in grazing animals. Restricted nutrient supply retards the daily
gain of lean as well as fat and bone, but the fat gain is retarded relatively more than the other
tissues, especially in the latter part of the growth period. Cattle are able to reduce metabolism
to a high extent without showing clinical signs of disease. For wild ruminants in natural
conditions, periods of undernutrition can be considered as normal, but this undernutrition is
limited in intensity and duration. Beef cattle can also be exposed to detrimental nutritional
deficits for parts of the year. This could occur when they are kept outside during a drought in
some southern region of Europe, or in the very late autumn or winter in colder regions, and
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when foraging is limited to the grazing of dry and dead grass. Growing cattle are sometimes
kept as stores in such situations before the fattening period. Underfed animals are temporary
able to reduce their requirements and to use their body reserves before better feeding allow
them recover a better body condition (Chilliard et al., 1998). Undernourished stored cattle
mobilize their body fat as energy source for maintenance and to some extent continue to
develop lean tissues. If the body condition score is less than 1.5 (on a scale of 5 points for very
fat to 1 point for very thin) the risk of health problems increases. Undernutrition is often
accompanied by other deficiencies of minerals or micronutrients (INRA, 1978). This is the
case when cattle are fed poor quality forage (late cut hay or poorly preserved grass silage). In
such cases the phosphorus level is often insufficient.
Water shortage
Water supply can be a problem especially for beef cattle grazing on pastures where water
cannot be provided DG OLELWXP. Intentional water restriction, and reasons for accidentally
reduced water intake are quite different e.g. technical problems and freezing of pipes.
Water is regarded as one of the most important distributors for micro-organism, chemical
compounds and toxic substances. Presently, in most European Countries there are no specific
legal regulations which define the quality of water for animals (Hartung, 2000). Water of
drinking quality is not always available. Groundwater as well as surface water generally
contains microorganisms of several species with health significance. Sources of bacterial or
viral contaminants may be faeces from humans and animals. Drinking water should be free of
6DOPRQHOOD and &DPS\OREDFWHU (in 100 ml), no (FROL (in 10 ml) and a total bacterial count of
less than 10,000 colony forming units/ml (Böhm, 2000).
Water is also a key factor in the life cycle of many parasite species. The development of the
free living generations (oocysts, cysts, eggs and larvae) and the longevity of the resulting
infectious stages are usually dependent on the availability of water (Daugschies, 2000).
Infectious stages are often found in pools of water on pasture, in surface water and in dirty
watering equipment (Hiepe et al., 1978; Wilkens, 1981; Bridgeman et al., 1995).
Subclinical acidosis
In springtime and autumn, grass with a high protein and water content provides little physical
structure within the diet. Low structured crude fibre content increases the risk of metabolic
disorders and more specifically of subclinical acidosis. The structure of a diet is not only
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dependent on the content of crude fibre, but also on those particles which influence salivary
flow and rumination. In early spring, the content of crude fibre in plants is comparatively low
and energy content is high. Daccord et al. (1998), in a feeding trial with early cut grass, found
that the pH in the rumen decreased rapidly. Supplementing grass with barley led to a further
decrease of the pH-value. The authors concluded that early cut grass fed with high amounts of
concentrate and not supplemented with roughage increases the risk of subclinical acidosis in
cattle.
'LHWVULFKLQHQHUJ\
Energy rich diets are primarily based either on maize silage and concentrate or on concentrate
and some long roughage (straw or hay). In central and southern Europe, silage of the whole
plant of maize often is the basic feed stuff for fattening cattle. Feeding of concentrate
supplemented with some roughage is widely used in feedlot fattening in North America and
there is a tendency towards an increasing use of this practice in Europe.
The major source of energy concentrates for cattle is cereal grains, primarily barley, corn, oats
and wheat. These grains are high in starch, low in fibre, rich in energy, poor in protein and are
generally quite palatable. The major sources of plant protein concentrates include corn
legumes, primarily extracted soybean meal, and by-products of cereal grain processing, such as
corn gluten meal. Cereal grains are extremely low in calcium but almost adequate in
phosphorus relative to the needs of growing cattle. None of the grains contain vitamin D and
only yellow corn contains ß-carotene, the precursor of vitamin A. Consequently, diets
containing high levels of corn grain must be supplemented with minerals, trace elements and
vitamins.
Studies have shown that depriving young bulls of roughage leads to a significantly higher
incidence of social licking (Andersen et al., 1991). This is a normal behaviour but, if carried to
extremes, can be detrimental or be the expression of disorders.
Due to the high portion of starch, maize silage is a well-suited forage to obtain high weight
gains. However, maize silage alone is not a balanced diet. It should be supplemented with
protein and minerals such as calcium, phosphorus and sodium, as well as trace elements such
as cobalt and possibly zinc.
In the case of very finely chopped maize, the ‘roughage effect’ is reduced and metabolic
disorders and oral stereotypes can occur analogous with those encountered with concentrates or
pelleted feeds. Similar effects can be caused by sugar beet-leaves, especially when containing a
high portion of beet tops (Scholz, 1984).
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Fattening bulls on slatted floors, which receive diets with a low amount of roughage and rich in
energy, show a markedly higher incidence of tail tip necrosis than bulls receiving a high
percentage of roughage in the diet (Kunz and Vogel, 1978; Hünermund et al., 1980). Although
tail tip necrosis is a multi-factorial disease primarily related to the quality of the floor (Metzner
et al., 1994), other factors can be involved. These modify the behaviour in rumination, higher
readiness to suck the tails of pen mates (Eckert et al., 1989), and metabolic acidosis combined
with pathogens in the blood stream (Hünermund et al., 1980).
Metabolic acidosis
A prominent production problem for ruminants fed diets rich in concentrate and therefore rich
in readily fermented carbohydrate is metabolic acidosis. According to Perry (1995), it is
difficult to feed a high-concentrate diet without experiencing some acidosis. A high intake of
easily fermentable carbohydrates first leads to a rapid production of volatile fatty acids (Gäbel,
1990). Since the production of volatile fatty acids (VFA) is not compensated by absorption or
buffer inflow with saliva, the intraruminal pH drops. The highest buffer capacity is provided by
the bicarbonate in the saliva (Espinasse et al., 1995). Bailey (1961) showed that cattle
consuming high-grain diets secreted only 60 to 70% of the saliva secreted by cattle consuming
a similar amount of forage.
In acute acidosis, there is an increased growth of lactic acid producing bacteria combined with
a reduction in lactic acid fermenting bacteria and protozoa. The imbalance between production
and fermentation of lactic acid results in an intraruminal increase of lactic acid concentration.
The first clinical signs of acidosis are usually characterised by a loss of appetite, diarrhoea,
mucus in faeces, dehydration, and uncoordinated movements (Perry, 1995). The intraruminal
accumulation of lactic acid is accompanied by an increase of acidity and osmolarity which
leads to damage to the epithelium (Gäbel, 1990). Hyper-parakeratosis has to be regarded as a
pathological alteration while an increase of the absorptive surface can be seen as a positive
adaptive process. Further consequences in the complex pathogenesis include hyperplastic
rumenitis, liver abscesses, increased fat deposition, atypical ketosis, chronic laminitis,
cerebrocortical necrosis, and disorders of the acid-base balance (Dirksen, 1985; Gäbel, 1990;
Perry, 1995; Owens et al., 1998).
Andersen et al. (1991) found that young bulls of 325 kg and 440 kg live weight fed high
amounts of concentrate had a higher incidence of foot rot (52.8% versus 27.8%) and liver
abscess (30.6% versus 5.6%) than those fed mainly roughage. In the Ukraine, bulls fed cereals
branstraw-pellets had a prevalence of liver lesions of 87% and 55.2% of these lesions were
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liver abscesses (Vlizlo and Lewtschenko, 1992). Additionally, the components of the
concentrate have an influence on the reduction of the pH-value in the rumen and then on
acidosis occurrence. In particular, the starch of wheat, oats and barley are hydrolysed more
rapidly than the starch of maize (Daccord, 1994; Sauvant et al., 1994; Philippeau et al., 1999).
A chronic acidosis which may continue during the feeding period can often occurs during
adaptation to concentrate-rich diets. Daily variation in the feed intake may increase the
potential risk of acidosis (Owens et al., 1998).
Skeletal problems
Skeletal and joint lesions are common in intensively fed and managed animals and in animals
with heavy muscles, excellent carcass type, and rapid weight gain (Dutra et al., 1999). The
incidence of lesions is to a high degree influenced by the housing conditions, but the fast
growth of the animals due to the feeding regime is obviously a worsening factor. The skeletal
lesions include osteochondrosis in fast growing bulls and feedlots steers (Dämmrich, 1976;
Olson et al., 1978; Jensen et al., 1981; Davies, 1996), hip dysplasia in Hereford bulls (Howlett,
1973; Weaver 1978), epiphysis and growth plate changes in bulls fattened on slatted or hard
flooring (Murphy et al., 1975; White et al., 1984), Achilles’ tendon rupture in fattening bulls
(Sturén, 1985), slipped capital femoral epiphysis in heavy-muscled beef cattle (Hamilton et al.,
1978), and ulcerative lesions of articular cartilage of tarsal and carpal joints of heavy bulls kept
in small pens (Taura et al., 1984).
 (IIHFWVRIGHILFLHQF\RIPLQHUDOVWUDFHHOHPHQWVDQGYLWDPLQV
For optimal health and production, beef cattle require a large number of minerals, trace
elements and vitamins. In most cases, it is difficult to exactly identify the requirements and
possible deficiencies. As substances in the diet feed cannot be utilised completely for the
demand of the animals, the amount of the required substances in the feed is a function of net
requirement and utility. Methodological difficulties prevent detailed quantification of both
criteria. In the absence of clinical signs, biochemical tests are the only certain ways of defining
a deficient state and for assessing its functional and economic significances.
Minerals
According to McCaughan (1992), the main disorders of the metabolism of minerals involve
phosphorous (P) and calcium (Ca).
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3KRVSKRURXV disorders manifest in young cattle as rickets and growth retardation, and in adult
cattle as osteomalacia. Furthermore, P is closely related to the development of hypocalcaemia.
Phosphorus is required by rumen micro-organisms for cellulose digestion and cell growth.
Growing animals that receive adequate or excessive levels of Ca but inadequate P show
depressed food intake and low rates of live weight gain (McCaughan, 1992). Cattle fed diets
low in both Ca and P may grow normally but have very low serum P values and demineralised
bones (Caple and Halpin, 1985).
The flow rate of &DOFLXP into the plasma principally depends on the rates of absorption from
the gut and resorption from bone. When these two processes fail to balance the rate of loss of
Ca to the skeleton, hypocalcaemia develops (McCaughan, 1992). Given adequate dry matter
intake, beef cattle receive sufficient Ca from pastures above 3.2 to 4 g Ca/kg DM content
(Grace, 1983). However, many grass-dominant and most grain diets contain lower Ca
concentrations.
Trace elements
Both a deficiency and an excess of trace elements may result in health risks for the animals.
The gap between situations differs from element to element. For example, the gap between
requirement and maximal acceptable amount of Selenium (Se) is a factor of three but is a factor
of 10-20 in the case of Manganese (Mn) (Schenkel and Flachowsky, 1998).
&RSSHU(Cu)deficiency in cattle is associated with changes in hair coat colour, poor growth
rates, reduced appetite, diarrhoea, joint abnormalities, fragile bones, gait disturbances,
hemoglobinuria, abomasal ulcers, and anaemia (McCaughan, 1992). Cu deficiency induced by
Molybdenium (Mo) or Iron (Fe) leads to impaired phagocytosis and viability of neutrophils in
cattle (Boyne and Arthur, 1986). Copper disorders occur in cattle grazing on soils low or
deficient in Cu. Furthermore Cu deficiency occurs when cattle have a low dry matter intake or
a high Fe intake, or when another disease, such as internal parasitism, causes a loss of Cu.
Clinical signs follow depletion of the essential Cu pools within enzyme systems in the tissues
(McCaughan, 1992).
6HOHQLXP deficiency is associated with a diverse range of beef cattle ailments, including classic
white muscle disease, ill thrift or reduced weight gain and diarrhoea (Mills, 1983; Koller and
Exon, 1986). Selenium deficiency occurs in cattle consuming food grown on soils lower than 5
mg Se/kg DM or feedstuffs lower than 0.05 mg Se/kg DM. Furthermore Se deficiency arises
from soils high in antagonistic elements (eg. Mo), or addition of high sulphate in fertilisers,
which impede absorption of Se by plants (McCaughan, 1992).
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Vitamins
The microbial degradation of vitamin A in ruminal fluid is influenced to a high degree by the
diet. Investigations showed that vitamin A is degraded faster and more extensively when
incubated LQYLWUR with ruminal fluid from cattle fed high concentrate (C) than in fluid of cattle
with hay (H) or straw (S) diets (Rode et al., 1990). Estimated effective ruminal degradations of
biologically active vitamin A were 67%, 16% and 19% for cattle fed C, H and S diets,
respectively. The results imply that cattle fed high-concentrate diets will have considerably
greater vitamin A requirements than those fed high-forage diets.
Vitamin E deficiency in cattle occurs if alpha-tocopherol content is lower than 0.7 mg/kg DM
or if diets are supplemented with polyunsaturated fatty acids or rancid fats. Some grain
preservatives rapidly destroy vitamin E (McCaughan, 1992). Although Se and vitamin E have
separate functions, they are complementary and act synergistically in metabolic processes.
Diets low in vitamin E increase the requirements for Se and vice versa. However, there is a
limit to the extent to which vitamin E can substitute for Se, following which only
supplementary Se is effective (Rickaby, 1980).
Vitamin E supply above the requirements has been reported to increase the antioxidative
potential of cattle and contribute to an enhancement of the immune response (Nockels et al.,
1993; McDowell et al., 1996). The immune stimulating effect is seen in relation to the
metabolism synthesis of arachidonic acid which influences the synthesis of prostaglandin and
thereby improves cellular immunity (McDowell et al., 1996).
It is unlikely that changes in fat-soluble vitamin intakes will directly affect production in beef
cattle herds. However, vitamins A, D and E, and beta-carotene intakes may influence disease
resistance (Herdt and Stowe, 1991).
The requirements of beef cattle for B-vitamins in general are satisfied by a diet rich in fibrous
feedstuffs and the development of normal microflora in the rumen. Feeding high-concentrate
diets can induce an insufficient supply with vitamin B1 or niacin (Kolb et al., 1999). A lack of
vitamin B1 with the risk of cerebrocortical necrosis occurs especially when there is a high
growth of bacteria rich in thiaminase. All B-vitamins are necessary for the cell regeneration,
the rapid multiplication of the immune cells and for the synthesis of antibodies.
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 8QGHVLUDEOHVXEVWDQFHVLQIHHGVWXIIV
Due to the contamination of grass, forage crops and grains with fungi during growth,
conservation process, storage or feeding, mycotoxins can be high. The extent of the mycotoxin
burden in forage cannot be overseen at the present moment due to the few data available
(Oldenburg, 1999). The real burden with mycotoxins in the feeding rations of cattle and the
consequences for animal health of cattle are difficult to estimate (Wolff, 1999).
)XVDULXP belong to the most relevant mould fungi which are found on maize especially in the
last 4 to 6 weeks before being ripe for ensiling (Oldenburg, 1993). While IXVDULXP cannot
survive under the anaerobic conditions during the process of ensiling, the toxins already
synthesised remain active (Auerbach and Geissler, 1992). In field investigations, high
concentrations of zearalenone in ensiled maize (and maize products) were found in four out of
33 cases (Drochner et al., 1984). A few samples with a considerable value for zearalenone were
also detected in hay. Additionally, grass and hay can be contaminated with ergotamine from
&ODYLFHSVSXUSXUHD (Landes, 1996).
The occurrences of trichothecene and zearalenone in grains in Europe are listed by Eriksen and
Alexander (1998). Contaminated cereals can be easily cleaned and the burden of mycotoxins is
markedly reduced. Mycotoxins can impair animal health and performance (Scudamore et al.,
1998). However ruminants are less sensitive to mycotoxins as most of them are degraded in the
rumen to non-toxic metabolites (Oldenburg, 1995).
Metabolic disorders can occur due to excessive feeding of by products, unhygienic feedstuffs,
feedstuffs rich in fat, starch and sugar, leading to disturbances in the fore stomachs when
thresholds are ignored (Kamphues, 1998). Silages with obvious deviations in nutrient contents
are characterised by high contents of crude ash partly as well by relatively wide ratios between
Ca- and P-levels (sugar beet leaves, green rape). Excessive intake of digestible nitrogen
compounds such as urea and corn legumes can cause metabolic alkalosis, going along with
hyperammonaemia and limited Mg absorption, thus decreasing significantly the Mg content of
the blood plasma (Jagos et al., 1985). Hyperammoniemia is also associated with disorders in
glucose metabolism (Spires and Clarke, 1979; Fernandez et al., 1988) resulting from an under-
utilisation of glucose by insulin-sensitive tissues and leading to a decrease in growth rate.
Excess ammonia decreases the capacity of hepatocytes to utilise propionate for oxidation and
gluconeogenesis (Overton et al., 1999).
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 &RQFOXVLRQV
1. Improper feeding can affect the welfare, including the health, of fattening cattle.
2. Energy and protein supply and the provision of fibre and water are the major nutritional
factors determining the growth, feed efficiency and body composition of beef cattle. In
addition, the supply of minerals, trace elements and vitamins are important to ensure
undisturbed growth. Nutritional requirements for beef cattle are well described in the
literature.
3. In roughage based feeding regimes, bloat can occur when the percentage of legumes in the
diet is high and when cattle are not adapted to digest those legumes.
4. Shortages in water supply and in feed, as well as poor quality water and feed can be the
cause of severe stress for the animals and result in various metabolic disorders.
5. Rumen and metabolic acidosis is a severe stress for beef cattle. The occurrence of acidosis
is closely related to feeding regimes that are based on a high proportion of concentrates
combined with a low intake of structured crude fibre.
6. The proportion of roughage that is necessary to exclude the incidence of clinical and
subclinical acidosis depends on the specific feedstuffs as well as the content and the
structure of crude fibre in the diet. There are methodological difficulties in the assessment
of the level of minimum requirements for beef cattle in relation to structured crude fibre.
However, it seems that a minimum of 10% long fibre roughage dry matter in the diet is
required to avoid pathological conditions and poor welfare.
7. Deficits in the supply of minerals and vitamin D  to beef cattle undergoing rapid growth
due to intensive feeding can cause skeletal lesions, especially when housing conditions are
poor.
8. Specific substances in the diet such as mycotoxins can lead to health problems.
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 *URXSLQJRI$QLPDOV
 *URXSVL]H
Small group size contributes to social stability (Albright, 1991) and in the long term in such
groups less aggression occurs observed than in large groups (Kondo et al., 1989). This may be
caused by the animals having greater difficulty in individual recognition as group size
increases. However, if a large space is available this can be overcame by the formation of
smaller subgroups (Phillips, 1993). See also section 5.3.2.
 0L[LQJRIJURXSV
Mixing leads to an increase in aggression as a new hierarchy has to be established (Bouissou et
al., 2001). In bulls, and to a lesser extent in steers, the increased aggression is accompanied by
an increase in homosexual mounting (Mohan Raj et al., 1991). Gradually, overt aggression
decreases and is replaced by more subtle interaction, such as threats and avoidances
(Tennessen et al., 1975). From a health perspective, mixing of animals has disadvantages
compared to all-in all-out systems as this may prolong disease outbreaks and increase the
exposure to pathogens.
 %XOOHUVWHHUV\QGURPH
In the USA and Canada, approximately 2% of feedlot steers are buller steers that are mounted
by other steers (Houpt, 1998). This occurred more often in steers that have been implanted with
stilbestrol or oestrogen (Houpt, 1998). There is a large component of dominance-related
aggression in the buller syndrome. Penile erection and anal intromission rarely occur. The most
aggressive animals mount more often than the others, and the rate of mounting increases
dramatically when new steers are introduced in the group (Klemm et al., 1983). The syndrome
is seen most frequently when groups of animals are mixed, especially in crowded conditions.
The economic losses resulting from the syndrome are due to the increased activity of the
mounting steers and the harassment of the buller steers as none of the animals will gain weight
as they should (Irwin et al., 1979). The usual mean of treating bulling behaviour is to remove
the buller steers involved. However, electrified wire placed above the pens, so that a steer that
mount would be shocked, is sometimes used to reduce the incidence of the behaviour (Kenny
and Tarrant, 1987).
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 &RQFOXVLRQV
1. High frequencies of social disturbances are observed when the animals are mixed.
2. Steers implanted with oestrogens have a higher social and sexual activity.
3. Electrified grids above the animals are sometimes used for curbing the mounting activities
of bulls at high stocking densities but probably cause disturbance to the animals.
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 :HDQLQJ
 :HDQLQJFRQVHTXHQFHV
Without human interference, weaning and in particular the separation from the mother is a very
slow process. Weaning as a management routine usually involves an abrupt separation of the
calf  from its mother. In dairy cattle that separation from the mother is carried out soon after
birth or some days later. The calves are then fed with milk for 4 to 12 weeks. In suckling cattle
the separation usually occurs when the calves are 6 to 9 months old.
As well as the stress of weaning, this period is difficult for the calves because of other events
that often take place around the same time. These include: 1. separation from the mother and
the peers, 2. transport/marketing, 3. mixing with new animals, 4. changes in diet (from grass
and milk to conserved feed with or without concentrates), 5. change of environment (outdoors
to indoors), and 6, in some cases, dehorning and castration.
At weaning it is recommended that calves be removed from the dams and kept out of sight and
sound of one another (Thomas, 1986). They should be provided with fresh, clean water. If
calves have been creep fed, they should continue receive concentrate during the weaning
period.
Calves should be offered either rations to which they are already accustomed or rations that
they can rapidly learn to eat (Thomas, 1986). High-quality grass or grass-legume hay, or corn
silage, should be offered along with a small portion of grain and supplement. The aim is to
nourish them with energy and protein as quickly as possible to reduce nutritional stress. High
levels of antibiotics, antibiotic sulpha-drug combinations or commercial stress supplements
containing these drugs are available in the USA. However, as there is a major concern in EU
about development of bacterial resistance to antibiotics, this type of treatment is under
question.
Gradual changes from one feeding programme to another reduce stress and digestive problems
(Thomas, 1986). Concentrate should be fed at the rate of 1 kg per 100 kg of body weight.
Silage or hay should be fed ad libitum, whereas 0.9 to 1.4 kg of concentrate should be given for
the first few days until one is assured that all calves are eating (Thomas, 1986). Silage should
be removed within 24 h of provision. Feeding the calves small amounts several times a day is
desirable as it keeps the feed fresh and encourages the calves to eat.
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After weaning the calves are distressed for some days (Veissier et al., 1989a) as are the cows.
The calves also show a different ability, perhaps improved, to cope with new events (Veissier
et al., 1989b). They are also more able to develop new relationship with their peers (Veissier
and Le Neindre, 1989) and even with humans (Boivin et al., 1992).
 (DUO\ZHDQLQJRIVXFNOHGFDOYHV
In some circumstances farmers running suckler herds practise early weaning at about 2 to 3
months of age, especially in the USA. Thomas (1986) has listed the conditions which make
early weaning economically desirable. However, most of these are associated with poor
welfare of mothers or calves.
Careful management is needed to rear early-weaned calves.
A weaned calf usually consumes about 2% (Drennan et al 1994; Fallon and Drennan 1998) to
3% (Thomas, 1986) of its body weight in feed each day. By the time the calf weighs 136 kg, it
eats approximately 3.6-4.1 kg per day of a ration that is 50% roughage (Thomas, 1986). Calves
weaned early are fed in a way that is opposite to that of feedlot cattle. They must first be given
high concentrate, then later be switched to higher levels of roughage as their rumen capacity
increases with size (Thomas, 1986).
In one study beef calves weaned at 2 or 4 weeks were compared with calves weaned at 7
months (control), and cow-calf pairs or cows with twins were used (Posey and Smart, 1976).
Control calves and calves weaned at 4 weeks had similar weights at 205 days (190 kg vs. 188
kg). Twin calves left as singles with the cow and twins weaned at 4 weeks were heavier at 205
days than twins that were both left with the cow (respectively 180, 199 and 135 kg).
In calves weaned at 12 weeks of age, where half of the calves had access to a stand of cow peas
and the other half only the pasture, there were no significant differences in weight gain until 30
weeks of age (Poli et al., 1976). Calves weighing at least 90 kg at weaning (12 weeks) gained
weight satisfactorily to 30 weeks, whereas those who weighed less did not (Poli et al., 1976).
Early weaned (67 days) Aberdeen-Angus and Polled Hereford calves fed either a concentrate
mix on pasture or a complete diet in dry lots until approximately 230 days of age gained faster
from the time of early weaning until the time of normal weaning and weighed more than
normal-weaned calves (Neville and McCormick, 1981). The average daily gains and weights at
the time of normal weaning were higher for early-weaned calves in dry lots than for those
calves on pasture, and higher for early-weaned calves on pasture than for normal-weaned
calves (Neville and McCormick, 1981).
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 3UHFRQGLWLRQLQJ
The preparation of a calf that has been nursed by its mother and that is destined for the feedlot
to withstand the stresses associated with shipping and to adapt to an intensive feeding
environment is called preconditioning. This is practised both in the USA and some countries
within EU. Preconditioning involves a complete health management program. Thomas (1986)
list the following requirements for a preconditioning programme in the USA in order to adapt
to the harsh environment of the feed lot.
1) Calves should be weaned at least 30 days prior to sale.
2) All calves must be castrated and dehorned no less than 3-4 weeks prior to sale.
3) All calves must be accustomed to drinking from troughs and eating from feed troughs 30
days prior to sale or shipment, which ensures adaptation to feedlot rations and environment,
and results in heavier calves. If calves are to eat all at once, 46-56 cm of trough space
should be provided.
4) Most preconditioning programmes require calves to be vaccinated for the following
diseases 3 weeks prior to shipping: IBR (Infectious Bovine Rhinotracheitis), PI3
(Parainfluenza-3), BVD (Bovine viral diarrhoea), BRSV (Bovine Respiratory Syncytial
Virus), Clostridial infections. Vaccination may sometimes also be demanded for
+HPRSKLOXVVRPQXV infection, pasteurellosis and leptospirosis.
5) Preconditioned calves must receive treatment for ectoparasites and lice. Worming is not
mandatory in most preconditioning programmes.
6) All calves must be in the owner´s possession for at least 60 days prior to sale.
7) Most states in the USA require individual identification of each preconditioned calf and
written certification of the practices involved in preconditioning. (see Thomas, 1986, p.
169). Within the EU there are specific rules about individual identification of all cattle
(Commission Decision 92/102/EEC).
 (IIHFWRIGLIIHUHQWSRVWZHDQLQJPDQDJHPHQWRQZHLJKWJDLQ
Several studies have investigated the effect of improved weaning procedures to increase weight
gain. In one study male beef calves were weaned at 7-9 months of age and allocated to either 1)
yard weaning with hay or silage, 2) yard weaning with hay or silage plus a novel handling
procedure to train the cattle to be able to find a grain ration in a trough, or 3) paddock weaning
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without supplement or handling, according to common industry practice (Fell et al., 1998). One
to two months prior to entry into a large commercial feedlot experimental vaccines against the
major bovine respiratory disease (BRD) pathogens were given to half of each group. The yard-
weaned and yard-trained cattle had a significantly higher weight gain in the first month and
over the 90-day feeding period than the paddock-weaned control groups. Animals from the
yard-trained groups were not significantly different from the yard-weaned ones. Vaccination
also significantly improved weight gain in the first month and over 90 days. The combination
of yard-weaning and vaccination produced the highest weight gains (Fell et al., 1998).
Japanese Black calves weaned at 3 months were given oral doses of granules of rumen-
protected tryptophan, and they had a significantly higher average daily weight gain in one of
two experiments (Nakanishi et al., 1998). The tryptophan-fed calves spent significantly more
time lying down and eating, and performed less agonistic interactions, social investigation,
vocalisation, play and mounting (Nakanishi et al., 1998). It was concluded that oral
administration of tryptophan appears to have a sedative effect on agonistic behaviour, which
may lead to higher feed utilisation. Wood et al. (1973) found that beef calves given a ration
containing chlortetracycline and sulphadimidine made a greater weight gain than calves given
other treatments during the first 30 days after weaning.
Age at weaning influenced the weight gain. Arguelles and Leiva (1978) found that calves
weaned at 6, 7 or 8 months of age had a mean daily post-weaning gain until 18 months of 0.29,
0.29 and 0.32 kg respectively (p<0.01).
Richardson et al. (1978) found that differences in weight gain between beef calves of high and
low-yielding cows persisted for 5 months after weaning, whereas differences in weight gain
due to solid feed increased slightly for 6 weeks after weaning than decreased.
 (IIHFWRIGLIIHUHQWSRVWZHDQLQJPDQDJHPHQWRQKHDOWK
Light calves at weaning were found to have a higher mortality than heavier ones (ITEB, 1983).
There was consistently lower morbidity in calves weaned in yards with hay or silage than in
calves weaned in paddocks without supplements or handling (Fell et al., 1998). The morbidity
in calves weaned in yards with hay or silage and a novel handling procedure to train them to
find grain in a trough was variable, but overall it was intermediate compared with the other
two. Gibb et al. (2000) and Loerch and Fluharty (2000) found no beneficial health effect of the
presence of trainer animals in newly arrived feedlot calves though the latter text reports that
trainers improved the eating behaviour of the calves.
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The period around weaning is a dangerous time for disease transmission and susceptibility.
Wood et al. (1973) showed that the medicated ration of chlortetracycline and sulphadimidine
and antibacterial-antiviral serum, either alone or in combination, were effective in preventing
acute respiratory tract diseases in beef calves after weaning. In a study on 15 range cow-calf
beef herds it was found that most calves (83%) and all herds (100%) had been exposed to
(FROL O157, and that (FROL O157:H7 infection was widespread before weaning and entry into
feedlots (Laegreid et al., 1999).
 (IIHFWRIZHDQLQJRQFRZFDOIDWWDFKPHQW
Suckler calves weaned abruptly from their dams were tested for their attraction to its dam, a
familiar calf or a familiar cow at different times after weaning (Veissier et al., 1990). Calves
showed a preference for its dam to another cow up to day 24, and to a calf up to day 9. From
day 20 after weaning, cows rejected their calves when suckling was attempted.
 &RQFOXVLRQV
1. Beef cattle, both calves and cows, are stressed at weaning because of the many changes
to which they are subjected.
2. Preconditioning is practised to prepare the calf that has been suckling its mother to
withstand the stresses associated with shipping and adapting to a feed lot environment.
3. How weaning is carried out may have an impact on weight gain and health for several
months after weaning.
4. Early weaning demands a more careful management of the calf than late weaning.
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 +XPDQDQLPDOLQWHUDFWLRQ
 +XPDQFDWWOHLQWHUDFWLRQVLQWKHPRGHUQKXVEDQGU\V\VWHP
The number of animals per stockman has significantly increased in recent decades and
consequently the time spent by humans with each animal has decreased. In addition, rapid
handling procedures and mechanisation has been encouraged.
Automatic feeding with limited human contact has more and more replaced feeding the young
by the farmer. Indeed, human-animal interactions can sometimes be limited to husbandry or
veterinary treatments that are at least neutral but also often aversive (Rushen et al., 1999).
Modern husbandry techniques mean that there are less human–animal contacts (Boivin et al.,
1998). Moreover change in housing has occurred, especially during wintertime. In the past in
Europe, cattle were traditionally tethered and many human contacts were provided. Nowadays
more and more animals live free in loose stable or outdoors with limited human contacts.
The changes in husbandry practices described above have acted to decrease the animals’
familiarity to humans and to increase their perception of humans as a potential danger. In these
situations, antipredatory strategies such flight or fight are typically observed during handling.
Moreover, isolation or separation from the herd is often enforced during handling and are
strong sources of stress and enhance defensive reactions. When trying to escape, animals can
hurt themselves, the other animals and their handlers (Grandin and Deesing, 1998, Le Neindre
et al., 1996). Husbandry systems that lead to increased fear, injuries and sometimes death
should be avoided.
 )DFWRUVLQIOXHQFLQJWKHVWUHVVUHDFWLRQGXULQJKDQGOLQJ
Handling devices are valuable for limiting the stress of the animals (Grandin, 1997) (see
section 4.3). Such devices should be thought to reduce the fearfulness of the handling facilities,
the isolation stress, and the duration of handling. They should be adapted to the types of
animals (calves, adults) and to their temperament (more or less tame). Habituation to such
devices in the absence of any negative experience (e.g. painful veterinary treatment) reduces
animal stress during handling and is reinforced by providing feed after the handling (Hutson HW
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DO, 1985). On the other hand, aversive handling experience can have a very detrimental long
lasting effect (Hemsworth and Coleman, 1998).
Human physical cues during handling are key factors stimulating the animal reactions to
humans. Cattle are able to discriminate their familiar handler from an unfamiliar one (Boivin et
al., 1998). However only visual cues have been examined in detail. Cattle seem able to
recognise the familiar caretaker wearing unusual clothes (Boivin et al., 1998) and to
discriminate people wearing the same clothes (Taylor and Davis, 1998). They are also able to
learn easily the colour of the clothes worn by the caretakers during aversive handling (Rushen
et al., 1999). For these authors, it was important to clearly identify the human with special
visual cues during aversive handling so as not to generalise the fear induced for the animals
during this handling to other more usual handling.
The attitude of the handler towards the animals is an important factor influencing their
behaviour. Agitated, nervous or unconfident people are much less efficient with cattle than
calm, experienced and confident handlers (Renger, 1975, Seabrook, 1986). According to their
attitude towards the animals, people express more or less positive and negative interaction
towards the animals (Lensink et al., 2000, Hemsworthet al, 2000). In addition, Lensink (2000)
observed a positive relationship not only between a positive attitude towards the animals and a
positive behaviour towards them, but also with a positive attitude towards their sanitary state.
Both are important for cattle welfare.
There are studies demonstrating the nature of genetic influence on the reaction of cattle to
handling (Burrow, 1997; Grandin and Deesing, 1998). Boivin et al. (1994) described also an
interaction between genetic and environmental effects.  Heifers from different sires were never
aggressive towards humans when reared traditionally indoors with many human contacts. In
contrast when reared outdoors with little human contact, heifers from some of those sires were
often aggressive.
Limited human contact induces fear of humans in cattle (Boissy and Bouissou, 1988; Lensink
et al., 2000). Habituation to handling reduces further animal stress during handling and
improves docility (Hargreaves and Hutson, 1990; Boivin et al., 1998; Goonewardene et al.,
1999).
The type of handling is very important. Gentling and feeding the animals usually have a
positive effect on the further relationships with humans (Jago et al., 1999; Lensink et al.,
2000). In contrast, negative interaction leads to fear of humans (Rushen et al., 1999). The
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balance between positive and negative interactions between humans and cattle is unknown and
may depend on the period when the human contact occurs. The period during which the human
contacts are given seems critical. In particular, it has been shown that gentle human contact
early in life can have a very beneficial effect on the subsequent reactions to humans and
handling (Boivin et al., 1992, Krohn et al., 2000). The effect was long lasting and was still
observed 18 months after the end of the gentling period (Boivin et al., 1998).
However the maternal environment in early age is probably also a key factor of the
development of the human-cattle relationship. Dam reared animals are more fearful than
artificially reared animals (Krohn et al., 1999). In addition in beef cattle, the dam often strongly
defends her calf. Thus, it is may be necessary to disrupt, at least temporarily, the cow-calf
relationship to make human contact more effective (Markowitz et al., 1998, Boivin et al., in
press). This separation is used in dairy production with an early and definitive separation
between dam and young. This is also traditionally used in beef cattle with twice a day suckling
for the calves. However as is described above, the strong tendency at present in cattle
husbandry is to leave the dam and the young together or to mechanise feeding, both of which
reduce contact during what seems to be a sensitive period for socialisation with humans.
Bateson (1979) proposed that a sensitive period “can represent a time of rapid reorganisation
when the developing animal is more easily destabilised by deprivation or environmental
insult". Consequently, not only young age but also the time of weaning could be postulated as
sensitive periods. In addition such periods involves many contacts between humans and
animals. Boivin et al. (1992) observed that human contact during the first few days following
weaning appears more efficient and durable than the same procedure performed 6 weeks later.
Parturition could also fulfil Bateson’s (1979) definition of a sensitive period. Food
reinforcement and gentling seems useful in dairy cows to improve the animal reaction towards
humans (Hemsworth et al., 1987, 1989). However because of a strong defensive behaviour of
the dam during the days often following parturition, such a period may be more difficult to use
in beef cows.
However building a positive human-animal relationship does not mean that cattle become so
tame that they do not respect humans. Price and Wallach (1990) observed that hand-reared
calves in isolation could become aggressive toward humans. In fattening units, it is not
recommended to enter the fattening pen because of the risk that a 450 kg bull would “play”
with a human. Such behaviours are severe problems for the handler and should be strictly
avoided. Lott and Hart (1979) observed Fulani nomads in Africa, living the all day long with
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their cattle. They noted that the caretakers not only exchanged positive interaction with their
animals but were also very aggressive towards them in cases of animals’ threats or attacks,
described by the authors as dominance behaviours towards the humans. Lott and Hart (1979)
recommended that modern husbandry should be strongly inspired by such traditional methods.
 &RQFOXVLRQV
1. The skill and care of the stockpersons and the way in which they interact with the animals
has a considerable influence on the behaviour and welfare of the animals.
2. Correct handling facilities facilitate thorough examination of the animals, improve the
welfare of the animals and reduce risks for the handler
3. The tendency in agriculture has been to reduce contact between animals and humans, either
by extensive farming or by the use automated systems. This has caused problems for
welfare and individual production.
4. The quality of stockmanship has large effects on the welfare of beef cattle in any housing
system. A skilful stockperson can compensate for many bad effects of certain housing
systems and a poor stockperson causes problems in an otherwise good system.
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 'LVHDVHPDQDJHPHQWLVVXHV
Most beef cattle diseases have a multi-factorial aetiology, meaning that various factors
contribute to the occurrence of disease. In addition to pathogens and animal-related conditions,
other contributing factors may be considered as stressors in the environment, disturbing
homeostasis in the animal (Curtis, 1983; Fisher et al., 1997). Usually there is a dynamic
balance between the pathogen burden in the environment and the disease resistance of the
animal. Genetic selection over the past decades has focused on the improvement of
productivity. Noordhuizen (1999) states that, at the same time, this selection was accompanied
by a negative selection in physiological adaptability and immunological responsiveness, which
could render the animal more susceptible to stress impact and pathogens. Responses to
stressors may be endocrinological, neural, autonomic and behavioural in nature (Moberg,
1985) and may also involve processes relating to health and the immune system (Blecha and
Minocha, 1983). The stressors are various, for example ambient temperature (heat stress, cold
stress), sun radiation (sun burns), social stress, vaccination, nutritional stressors, housing and
climate, conditions, pathogen burden, psychological stress, humans (Curtis, 1983). Stress
responses are often detrimental to efficient growth, skeletal integrity and disease resistance
(Siegel, 1983). It is not always clear whether the detrimental stress effects on disease resistance
are associated with neuroendocrine mediated immune suppression, or with deficiencies and
reallocation of nutrients for maintenance processes (Noordhuizen, 1999). Stress conditions
may affect food intake and digestibility negatively and change thermoregulatory energy
requirements at the expense of energy for growth production (Curtis, 1983). Energy
requirements for maintenance sometimes increased by up to 25 % in infected animals
indicating that energy was required for processes related to immune function (Kloosterman and
Henken, 1987).
At present, it is not possible to assess all aspects of the competence of an animal to adapt to
various stressors. Therefore, the main strategy of the stockman to reduce harm for the animal
should be to minimise risk factors and to carry out regular checks of animals in order to
identify diseased animals at an early stage and to initiate early treatment.
 'LDJQRVLV
In beef production the caretaker generally spends only short periods with the animals. Regular
man-animal interactions occur mainly during food distribution, which however does not
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include a direct contact between stockperson and animals. Observation of the animals is
particularly important as problems are likely to be expressed through animal behaviour.
Regular, patient and careful observations of the animals are required in order to detect signs of
disease at an early stage. The diagnosis of diseases and disorders of fattening cattle can be
difficult to carry out for both the farmer and the veterinarian. In order to perform clinical
examinations, animals showing disease signs have to be separated from the group and
restrained before examination for reasons of thoroughness as well as human safety.
On the other hand, not all disorders show obvious clinical signs. Reduced feed intake and
reduced growth of the animals which may indicate disease are difficult to assess without
regular weighing, or may only be apparent when the disease process has advanced.
 7KHUDSHXWLFVWUDWHJLHV
Drugs used can be divided into those used for prophylactic reasons, for therapeutic reasons and
as growth promoters (Blaha, 1996). The prophylactic use of veterinary products usually occurs
at stages of the production where there is an increased risk of various diseases, in particular at
the beginning of the fattening period. While the prophylactic use of veterinary products may be
seen, especially from the farmers’ point of view, as a contribution to animal health, it may also
serve to conceal deficits in housing conditions and farm management.
With regard to the therapeutic use of veterinary products, misuse occurs, for example, when
veterinary products are used in the absence of a specific diagnosis or when all animals are
included within a group although only single animals are affected.
Furthermore, products acting as antibiotics2 have been used as growth promoters and have been
fed continuously at low level to control subclinical infections or to decrease the incidence of
liver abscesses (Perry, 1995). There is a negative correlation between the level of performance
within the herd and the effectiveness of growth promoters indicating that those substances were
more efficient in difficult management conditions (Blaha, 1996).
                                                
2
 see also Opinion of the Scientific Steering Committee on Antimicrobial Resistance - 28 May
1999      http://europa.eu.int/comm/food/fs/sc/ssc/out50_en.html
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 &RQFOXVLRQ
1. Infectious diseases are important welfare problems. Effective healthcare therefore requires
that cattle be kept in appropriate environments. Preventive measures, for example good
hygiene and appropriate vaccination regimes, can help avoid infection of herds.
2. Many diseases are multi-factorial. Their development may depend on the husbandry
conditions of the cattle. Effective health care therefore requires that cattle are kept in
environments which do not cause stress and reduced immunocompetence.
3.  Regular inspection by a competent stockperson is important in ensuring good welfare.
4. Additional pens are necessary on farms in order to separate animals and to improve
treatment and humane care.
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 )8785(5(6($5&+1(('6
1. Investigations are needed to develop new methodology for the assessment of structured
crude fibre and to determine thresholds for structured crude fibre in feeding rations based
on maize silage and on a high portion of concentrate in the diet in order to prevent
subclinical and clinical acidosis.
2. There is need for further investigations to assess implications of skeletal lesions in relation
to pain and discomfort and to develop assessment systems to evaluate the interactions
between fast growth and housing conditions in relation to discomfort.
3. The effect of age on the pain and distress caused by castration and techniques to reduce this
suffering should be studied.
4. Epidemiological investigations are needed to study the relationships between risk factors
and disease occurrence and to quantify their contribution to disease occurrence.
5. Investigations are needed to assess the time and the facilities necessary for the caretaker for
thorough inspection of the animals.
6. Investigations are needed to assess the use of veterinary products for prophylactic and
therapeutic reasons.
7. Improved weaning strategies should be developed
8. The optimum group size for beef cattle needs to be determined
9. The minimum light and dark periods for cattle kept in insulated housing or in regions of
short daytime needs to be determined.
10. Genetic analysis is needed to determine the traits which can be selected in order to improve
welfare.
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 &21&/86,216
1. Cattle welfare can be assessed in a scientific way using a combination of methods. These
methods include measurements of health, physiology, performance, and behaviour as well
as preference tests, aversion tests, measures of motivation and abnormal behaviour.
2. Welfare in existing systems can range from very good to very poor. The system of
husbandry used can have a large impact on the welfare of the animals.
3. Good welfare relates not only to the health of the animals but also to the ability to manage
interactions with the environment and the existence of good feelings.
4. The scientific assessment of welfare provides evidence on which to base
recommendations for adopting or avoiding particular housing and management methods.
5. Very young animals feel pain and show signs of distress, and may feel pain more than
adults.
6. Very young animals may show a freezing response to fear and pain, and so may not show
a co-ordinated flight response.
7. There is a large variety of climatic and farming conditions throughout the EU Cattle
production systems are partly based on the foodstuffs produced on farms. These
foodstuffs are very dependent on the climatic conditions and as a consequence, fattening
systems are very diverse.
8. Within the EU there are 21.7 million dairy cows and 11.6 million beef cows.  These
animals are the source of cattle which will be accommodated in fattening units.
9. In 1999 the number of beef cattle fattened and slaughtered in the EU was 4.8 million
heifers, 8.1 million bulls and 2.5 million steers.
10. Large numbers of movements of live animals occur between countries.
11. The diversity of beef fattening systems in the EU is influenced by the different cattle
breeds.  These breeds may be dairy (primary output milk), dual purpose (produce milk
and beef), or beef (primary output beef).  The EU dairy herd is dominated by the
Friesian/Holstein breed.  In contrast, the EU beef herd is very diverse with late maturing
beef breeds (eg. Charolais, Limousin and Blonde d’Aquitane) as the predominant breeds
in France.  The beef herds in UK and Ireland largely consist of cross bred cows mated to
late maturing beef breeds while beef breeds in Spain are predominantly local (rustic)
breeds.
12. In mainland Europe the majority of male animals are fattened as young bulls.  In the UK
and Ireland the majority of male animals are castrated and are fattened as steers.
13. In mainland Europe the majority of young bulls are offered a fattening diet based on
maize silage plus concentrate. The duration of the fattening period varies with the type of
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animal and ranges from 120 to 250 days.  The bulls from the dairy herd are slaughtered at
12 to 14 months of age.  The bulls from the beef herd (weaned at 6 to 8 months) are
slaughtered at 12 to 16 months of age.  The demands of the market (carcass weight and
conformation) determines the duration of feeding.
14. In Ireland, UK and north western France where the males are fattened as steers, many of
the animals are fattened off grass at 20 to 30 months of age and others are fattened indoors
for their final 5 months on a grass silage plus concentrate diet.  Heifers surplus to breeding
requirement can be fattened in intensive units or fattened off pasture at approximately 20
months of age.
15. Beef production in the USA is based mainly on steers and heifers from the suckling herds.
Those animals are finished in feedlots with high energy diets. This farming system is very
different to systems used in the EU.
16. Cattle production in the eastern European countries has declined in recent years.
17. There are a number of housing type options for fattening cattle including loose housing
and tie up stalls. It appears that the vast majority of housed fattening cattle are
accommodated in loose houses with slatted floors.
18. Regulations on organic farming set a minimum indoor space requirement of 5m² for
animals weighing over 350 kg, with a minimum of 1m² per 100 kg for animals over 500
kg.
19. The appropriate size of tie-stalls and cubicles is dependent on the size of animal.
20. The surface recommended for littered loose houses or partially loose house is around 6 m²
for 600 kg bulls and slightly lower for littered house with concreted feeding stand (6 to
4.5m²).
21. Various studies have produced  recommendations for  slatted floor space allowance eg.
2.2 to 2.5m2/animal for cattle in the 550 to 650 kg liveweight range. These studies have
been largely based on production considerations.
22. Feeding trough space allowances for loose housed fattening cattle are in the range of 0.6
to 0.7 m per animal.
23. Several types of handling equipment are in use depending partly on the type of animals
for which they are used. The type of handling facility will depend on the size of the
fattening unit and the tameness of the animals.
24. Cattle have well developed senses and learning abilities. Although signs of pain may be
less obvious in cattle than in other species, cattle have the ability to feel pain and neural
mechanisms of pain perception seem to be similar in cattle and other animals, and
humans.
25. Cattle are highly social animals. Groups of cattle have a social hierarchy that determines
priority of access to resources. Once established, the hierarchy tends to be stable and
reduces fighting. Mixing of animals and housing animals in very large groups may disrupt
the hierarchy and increase aggression.
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26. Cows form long-lasting bonds with their calves when allowed to do so. During natural
conditions, weaning is a very slow and gradual process stretching over several months.
27. Age at puberty depends on several factors, breed being important. Mounting may occur as
a play behaviour well before puberty.
28. Cattle are ruminant herbivores and although they can browse, cattle are mainly grazers.
Cattle usually spend a long time grazing every day and show a distinct grazing pattern
with maximum grazing activity around sunrise and sunset.
29. Rumination may account for a substantial part of cattle activity. Rumination is under
voluntary control and when animals are disturbed they cease to ruminate.
30. In most situations cattle drink several times a day, more in hot conditions.
31. Cattle roam over extensive areas, and show a strong motivation to move. They also lie
down for long periods.
32. Animals can cope successfully only within a range of temperatures and humidity. They
are negatively affected when noxious gas levels are high. Insulation of buildings is an
option which is used when the animals are housed on slatted floors and the outside
temperature is very cold. As the volume allowances in such buildings is often low, a
monitoring of the microclimatic environment and efficient ventilation devices are
required.
34. Tethered cattle have limited movement possibilities and cannot walk. Their social
interaction is limited to their neighbours. Short tethers, low space and concrete floors are
among the different factors limiting the comfort of these animals. Tethered animals have
more leg problems than those on straw bedding. Hoof trimming is necessary for cattle
tethered for long periods or those on excessively soft surfaces.
35. A low space allowance increases aggression between animals especially among males. An
increased occurrence of aggressive behaviour is also observed when the trough space is
limited.
36. Disturbances in the lying behaviour of animals are observed when the space allowance per
animal is low.
37. Diseases such as respiratory diseases are observed when the air volume or space
allowance per animal is low.
38. Daily gain seems to be less when the space per animal is lower than 4.7m².
39. The type of floor has important consequences for the welfare of the animals. When they
have the opportunity, animals choose straw bedded areas for lying down in preference to
slatted floors.
40. Among the different types of bedding, lower mortality is observed in animals with at least
some straw bedding and higher mortality in animals on completely slatted floors.
41. Animals on sloped straw bedded areas have a higher incidence of lameness than animals
kept on slatted floors.
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42. Tail tip necrosis occurs much more often on slatted floors than on other type of housing.
43. The slat surface must not be slippery to avoid falling which increases the risk of health
problems.
44. Beef cattle kept on concrete slatted floors have an increased incidence of abnormal
postures, lesions to the carpal joint and to the tail, and may show behavioural changes.
45. Increasing floor space allowance for animals on slatted floors improves growth rate and
feed conversion ratio.
46. Castration causes severe pain and distress.  According to some studies surgical castration
seems to be less acceptable from a welfare point of view than Burdizzo or rubber rings.
Local anaesthesia or local anaesthetic plus systemic analgesia act to reduce the pain.
47. Castration, where it has to be carried out is probably best done using a combination of
Burdizzo and rubber rings, as in lambs
48. Spaying is likely to cause severe pain and distress and there is no indication for it.
49. Tail docking is likely to cause pain and interfere with the normal behaviour of the animal.
50. Dehorning by any amputation method causes severe pain and distress. Local anaesthesia
and systemic analgesia can reduce, in the short term, the pain caused by dehorning.
51. Disbudding of young calves may be more acceptable than dehorning from a welfare point
of view and does not cause as much pain as dehorning older animals.
52. Hot branding causes more pain than freeze branding.
53. The pain and distress caused by surgical mutilations are likely to be at least as painful in
young as in older animals.
54. A large genetic variability in several traits is observed in cattle.
55. Beef breeds have been selected for a high meat production. These breeds are often
associated with a hypermuscularity which can cause leg disorders, increase calving
difficulties and decrease cow longevity.
56. Among hypermuscular animals, the homozygous carriers of myotrophin defective gene,
or double muscled animals, need much more care due to their higher susceptibility to
stress. A high proportion of caesareans are carried out in these animals.
57. Health parameters, in particular lameness, are genetically dependent.
58. Cattle from some breeds have a higher social activity than others.
59. Reaction to handling is genetically dependant.
60. Naturally polled breeds exist. The use of naturally polled breeds avoids the need to disbud
animals.
61. Improper feeding can affect the welfare, including the health, of fattening cattle.
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62. Energy and protein supply and the provision of fibre and water are the major nutritional
factors determining the growth, feed efficiency and body composition of beef cattle. In
addition, the supply of minerals, trace elements and vitamins are important to ensure
undisturbed growth. Nutritional requirements for beef cattle are well described in the
literature.
63. In roughage based feeding regimes, bloat can occur when the percentage of legumes in the
diet is high and when cattle are not adapted to digest those legumes.
64. Shortages in water supply and in feed, as well as poor quality water and feed can be the
cause of severe stress for the animals and result in various metabolic disorders.
65. Rumen and metabolic acidosis is a severe stress for beef cattle. The occurrence of acidosis
is closely related to feeding regimes that are based on a high proportion of concentrates
combined with a low intake of structured crude fibre.
66. The proportion of roughage that is necessary to exclude the incidence of clinical and
subclinical acidosis depends on the specific feedstuffs as well as the content and the
structure of crude fibre in the diet. There are methodological difficulties in the assessment
of the level of minimum requirements for beef cattle in relation to structured crude fibre.
However, it seems that a minimum of 10% long fibre roughage dry matter in the diet is
required to avoid pathological conditions and poor welfare.
67. Deficits in the supply of minerals and vitamin D  to beef cattle undergoing rapid growth
due to intensive feeding can cause skeletal lesions, especially when housing conditions are
poor.
68. Specific substances in the diet such as mycotoxins can lead to health problems.
69. Improper feeding can affect the welfare, including the health, of fattening cattle. High
frequencies of social disturbances are observed when the animals are mixed.
70. Steers implanted with oestrogens have a higher social and sexual activity.
71. Electrified grids above the animals are sometimes used for curbing the mounting activities
of bulls at high stocking densities but probably cause disturbance to the animals.
72. Beef cattle, both calves and cows, are stressed at weaning because of the many changes to
which they are subjected.
73. Preconditioning is practised to prepare the calf that has been suckling its mother to
withstand the stresses associated with shipping and adapting to a feed lot environment.
74. How weaning is carried out may have an impact on weight gain and health for several
months after weaning.
75. Early weaning demands a more careful management of the calf than late weaning.
76. The skill and care of the stockman and the way in which he interacts with the animals has
a considerable influence on the behaviour and welfare of the animals.
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77. Correct handling facilities facilitate thorough examination of the animals, improve the
welfare of the animals and reduce risks for the handler.
78. The tendency in agriculture has been to reduce contact between animals and humans,
either by extensive farming or by the use automated systems. This has caused problems
for welfare and individual production.
79. The quality of stockmanship has large effects on the welfare of beef cattle in any housing
system. A skilful stockman can compensate for many bad effects of certain housing
systems and a poor stockman causes problems in an otherwise good system.
80. Stockmen play a critical primary role in promoting the welfare, including health, of cattle
in their care and provide essential early disease surveillance.
81. Infectious diseases are important welfare problems. Effective healthcare therefore requires
that cattle are kept in appropriate environments. Preventive measures, for example good
hygiene and appropriate vaccination regimes, can help avoid infection of herds.
82. Many diseases are multi-factorial. Their development may depend on the husbandry
conditions of the cattle. Effective health care therefore requires that cattle are kept in
environments which do not cause stress and reduced immunocompetence.
83. Regular inspection by a competent stockperson is important in ensuring good welfare.
84. Additional pens are necessary on farms in order to separate animals and to improve
treatment and humane care.
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Beef production is a major agricultural industry in the European community and is found in all
European countries. The production systems are very different between countries. In particular
they vary from very intensive indoor fattening systems to extensive outdoor production.
However even if all the technical solutions are not possible in every country it is possible to
recommend general measures to protect the welfare of the animals.  These recommendations
can be divided into those dealing with training, housing,  feeding management, breeding,
mutilations and weaning.  The Committee is aware that these recommendations may have far
reaching socio-economic consequences. However, these aspects have not been taken into
account when drawing up these recommendations.
 
$ 7UDLQLQJ
1. Persons responsible for cattle should ensure that the welfare of the animals,
including their health, is safeguarded by the use of appropriate techniques. Every
person who is in charge of fattening cattle should be licensed for this occupation.
Such licensing should follow proper training and certification of competence.
% +RXVLQJ
2. Cattle kept for beef production should not be tethered. Tethering increases the risk
of health problems in the animals and limits their behavioural activities and social
life. Exceptions could include temporary situations such as feeding or veterinary
treatment. In this event particular care should be taken in the design and usage of
the tethering system and the duration of tethering should be kept to a minimum.
3. Group housing should be used wherever possible.
4. The slope of the floor should not be too steep. The maximum slope should be 10%
as steeper slopes may result in increased leg problems.
5. Fully slatted concrete or wooden floors should not be used. Particular attention to
the type of slats should be given to avoid slipperiness. The gaps between the slats
should not be so wide as to cause foot injuries, for example when claws become
trapped. Slatted pens should only be used for animals of the size for which they
were designed. A solid lying area with bedding is recommended although the use
of rubberised slats may also provide for the animals’ needs.
6. Animals should be provided with adequate floor space in order to limit health
problems and to ensure that the animals are not disturbed when lying. Increasing
available floor space has been shown to improve animal welfare. For 500 kg
animals these improvements are significant in the higher density ranges (1.5-3m²
per animal) but have been little studied above 4m². The minimum space allowance
should be 3m² for an animal expected to reach 500 kg plus or minus 0.5m² for
each 100 kg difference expected between 400 kg and 800 kg.
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7. Handling and restraining facilities should be available in each unit. New handling
facilities should be tested and approved.
8. A sufficient number of separate pens should be available to accommodate sick
animals.
9. Insulated buildings should be equipped with an appropriate ventilation system
linked to a system for monitoring the microclimatic conditions in the building.
Temperatures in such buildings should generally be maintained higher than 0°C
but fully acclimatised animals will tolerate much lower temperatures. The
maximum temperatures should be lower then 30°C when the  relative humidity
exceeds 80%. Levels of noxious gases should be kept as low as possible. The
maximum ammonia concentration should be 10 ppm.
10. Animals should not be kept in constant darkness or in constant light. A daily light-
dark cycle should be provided sufficient to allow normal activity for the animals
and to facilitate proper inspection of the animals.
11. To minimise competition when DG OLELWXP feeding is not practised, each animal
should have access to the feeding trough at the same time.  Simultaneous access to
a feeding area for animals receiving DG OLELWXP feeding is not necessary, but is
desirable.
12. When animals are kept outside, they should have appropriate shelter against
adverse climatic conditions such as cold, rain, wind and sun.
& )HHGLQJ
13. The specific nutritional requirements of the animals should be met to ensure good
welfare, including good health. Good quality water should be freely available.
14. A sufficient daily amount of long fibre should be given to the animals to ensure
normal rumen function and to fulfil the need for foraging behaviour. This is
especially important where the diet is concentrate based or low fibre maize silage.
A minimum of 10% of long fibre foodstuff should be provided.
15. In order to prevent bloat, high clover content in the diet should be avoided and a
sufficient portion of structured roughage should be offered.
16. Animals should not be underfed so that they lose weight. Particular attention
should be paid to the animals kept outdoors which may have increased nutritional
need for maintenance.
' 0DQDJHPHQW
17. Mixing of animals during the fattening period should be avoided in order to limit
the risk of injuries due to increased fighting.
123
18. Little specific information is available on maximum group size. However, it
appears that the size of the group should be limited to around 40 animals. Above
that level, animals may have problems in establishing a stable social structure,
making fighting more likely.
19. A good relationship between the handler and the animals should be promoted in
order to limit the handling stress for the animal and the risk of injury for the
handler.
20. In order to minimise disease in cattle, they should be kept in environments which
do not cause stress and reduced immuno-competence.
21. Each animal should be inspected at least once daily. This inspection should be
sufficient to detect lameness or other disease conditions. If any abnormality is
detected, the animal should receive appropriate treatment as soon as possible.
22. The availability and quality of feed and water supplies should be checked at least
daily.
23. Buildings and equipment should be checked regularly to ensure functionality and
thereby avoid risk to animals.
( %UHHGLQJ
24. When producing animals for the beef herd, the selection index should include as a
high priority, qualities which will improve the welfare of animals.
25. Selection for high docility should be promoted.
26. Selection for improved musculo-skeletal factors which can reduce lamenesses
should be encouraged. Selection for high body weight or fast growth is acceptable
only if welfare is not decreased.
27. Easy calving qualities should be promoted in beef breeds.
28. Animals bearing mutations which lead to welfare problems should not be selected
for breeding. Homozygous double muscled animals have a wide range of problems
and should not be used in beef production. The use of heterozygous animals
bearing the double muscling gene would still entail welfare problems in the stock
of parental homozygous animals.
29. The selection of naturally polled animals should be encouraged as this avoids the
need for disbudding or dehorning.
) 0XWLODWLRQV
30. As a general rule, mutilations should be avoided and their negative effects
minimised as much as possible.
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31. Animals should always be provided with some form of analgesia at the time of
surgical mutilations for procedures like docking, dehorning and castration (e.g.
local anaesthetic), and for two days or so thereafter (e.g. a non-steroidal anti-
inflammatory drug).
32. If performed, castration should be carried out in animals at as young an age as
possible and ideally not in animals aged over six months. Effective techniques to
alleviate the pain and distress caused by castration should be used.
33. Spaying should not be carried out in females of any age.
34. As a general rule, dehorning should not be performed. If dehorning has to be
carried out, however, systemic analgesia and local anaesthesia should be provided
by a veterinary surgeon.
36. Disbudding of young calves is much more acceptable than dehorning from a
welfare point of view. The use of caustic substances for this purpose is not
acceptable.
37. Tail docking is not acceptable as a method to prevent tail tip necrosis or for any
other non-therapeutic purpose. Tail tip necrosis should be prevented by avoiding
overcrowding, by improving bedding and by avoiding slats in the lying area.
38. Hot branding should not be used.
* :HDQLQJ
39. Specific care should be given to the newly weaned suckling calves. They should
be kept in groups of familiar animals to avoid fighting and cross-contamination. If
some mixing is necessary, and in order to minimise disease, the environment
should minimise stress and appropriate treatments should be given. Weaning
should be carried out so that stress is minimal in both cows and calves.
40. Routine early weaning of suckled beef calves (2-3 months) should be avoided, as
this can have a negative impact on health of the calves. Weaning at 6 to 9 months
is recommended.
41. Calves should be encouraged to eat some solid feed at an early age and especially
in the four-week period prior to weaning at 6 to 9 months of age.
42. Preconditioning should be carried out on calves before transportation to new
environments
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